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THE PHILOSOPHY OF A SCIENTIST? 


Ir may be asked what right has a scien- 
tist to have a philosophy? He spends his 
days in the study of gross, material things. 
The geologist busies himself with the earth, 
the composition and the structure of its 
crust, the nature of its rocks and other 
formations, the fossil remains of geologic 
ages, the elevation of its mountains, and 
the forces that tend to level the same. 
These and correlated subjects furnish the 
material with which his mentality employs 
itself and upon which it exhausts itself. 
The astronomer goes further afield and em- 
ploys his time in the study of the moon, 
sun and the stars, but all his activities are 
materialistic. The biologist concerns him- 
self with the development and modification 
of the various forms of life. His field is a 
wide and interesting one. The physicist is 
engaged in the observation of mass, and 
the effect of forces thereon. The chemist 
goes into the atomic structure and arrange- 
ment of matter. The physiologist is busy 
with function and the pathologist with ab- 
normal structure and function. So we 
might go on enumerating the varied and 
multiple duties of the scientist, but, after 
all, his range of activity is confined to 
material things and what does he know of 
the higher life? What right has he to 
interest himself or to offer to speak with 
any authority on the great problems of 
life? What can the scientist know about 
idealism? Between materialism and ideal- 
ism there is supposed to be a great chasm, 
which no man in his right senses would 


1A popular lecture given in the summer school 
at the University of Michigan, July 2, 1912. 
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attempt to bridge. The scientist may be a 
silent follower of the idealist, but has no 
right to make even a suggestion, and to 
attempt to point out the way is the height 
of assumption on his part. The idealist is 
supposed to walk on a higher plane than 
the poor, materialistic scientist. The for- 
mer dwells in the clouds. His food is the 
nectar of Olympus, and he spins his raiment 
from the philosophical theories evolved 
from his inner consciousness.. 

That I have not misstated the attitude of 
the modern idealistic philosopher toward 
modern science is shown by the following 
quotation from the work entitled ‘‘The 
Problem of Life,’’ by Professor Eucken, of 
Jena. This book secured for its author the 
Nobel prize in 1908. In speaking of the 
theory of evolution Professor Eucken says: 

We are not concerned with the theory in its 
scientific aspect, but merely as it affects the atti- 
tude toward life. From this point of view it is of 
paramount importance to keep the two stages of 
the doctrine clearly distinct. It is mainly the 
theory of natural selection that has ventured to 
come forward with a new and original view of life. 
By completely assimilating man to nature, it leaves 
the shaping of man’s life with the forces which 
appear to control the formation of natural types. 


‘Life is thereby robbed of all that had given it 


inner worth, and dignity; the form which it takes 
is determined solely by circumstance, and is main- 
tained only in so far as it proves serviceable in the 
struggle for existence. Advance’is only made 
when properties which chance has brought together 
are maintained on account of their usefulness, in- 
herited, and in the course of time wrought into the 
species. But since there can be no inward appro- 
priation of this gain, there can also be no joy in 
the good and beautiful for their own sake. All we 
win is simply an added means of self-preservation. 
We have already seen in Adam Smith the effect of 
a doctrine of mere utility in lowering the status of 
the inward life, and here we see it in its extreme 
form. The inward life loses all. independent 
value. The only right is the right of the stronger; 
all humanness, in particular, all eare for the weak 
and suffering would simply take the heart out of 
the struggle, and therefore be a piece of pernicious 
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folly. If in this blind medley of conflicting forces 
there be anything at all left for us to do, it can 
only be to make the struggle for existence as hard, 
persistent and ruthless as we ean, so that all the 
unfit may be weeded out, and the process of selee- 
tion be made as speedy as possible. 


This is the estimate placed upon the doe- 
trine of evolution by one of the foremost of 
modern philosophers. Notice that he 
speaks of the scientist venturing to suggest 
something bearing on the problem of life. 
Rash and foolish scientist, what right has 
higher life? He should have known that 
the realm of ‘philosophy is wholly beyond 
the domain of science, which concerns itself 
with only things material. The learned 
author objects to completely assimilating 
man with nature. This implies that he 
thinks man, in part at least, supernatural. 
If so, in what particular, may we inquire? 
If man is not shaped by the conditions 
under which he is born, his ancestry, and 
those under which he lives, his environ- 
ment, pray tell what does shape him? 
Why the various races and varieties? If 
there be something supernatural in man, 
something that is not determined by nat- 
ural conditions, why are there physical dif- 
ferences, intellectual inequalities and moral 
deviations among different peoples and 
among the same nations in successive gen- 
erations? How many Pasteurs, Goethes or 
Shakespeares has the Ethiopian produced? 
This supernatural part of man in which the 
modern philosopher believes must be very 
eapriciously distributed, and how is the dis- 
tribution determined? Is blind chance the 
agent, or is the distribution made by some 
fickle God? Professor Eucken says that the 
assumption that types of men are deter- 
mined by natural conditions robs life of all 
that gives it inner worth and dignity. 
Types of men exist. This can not be de- 
nied. If they do not result from natural 
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causes, What are the supernatural agencies 
that bring them into existence? There are 
good and bad types of men, then there 
must be good and bad genii. The truth is, 
the philosophy of Professor Eucken is a 
mental remnant of the primitive man who 
believed in a geocentric universe, peopled 
Olympus with gods, good and bad, and 
filled the woods with satyrs, nymphs and 
fairies. If the learned author knew some- 
thing of science he would be more of a 
philosopher. He speaks of the inner life 
losing all independent value if man is 
affected by external conditions. I infer 
from this that he makes the inner life the 
supernatural part of man. It is impossible 
to tell what he means by the inner life. If 
he means man’s mentality, we know that 
this is affected by natural conditions. 
Strike a man on the head and depress his 
skull and his mentality is disturbed. 
Under the influence of such a poison as 
aleohol he may become insane. If by inner 
life he means man’s morality, there again 
are abundant evidences that man’s morality 
is affected by external conditions. The in- 
sane are not criminally responsible, and a 
man with some foreign body driven into his 
brain may become a liar, a thief or a 
murderer. 

The condemnation of science by Pro- 
fessor Eucken for its cruelty can be ex- 
plained only on the assumption that he 
fails utterly to comprehend the doctrine of 
evolution. Is the science of eugenics, 
whose object is to secure healthier and bet- 
ter parents for the unborn, gruel? Are all 
our efforts toward securing wholesome 
water, unadulterated food, hygienic hous- 
ing, and, in short, the betterment of life in 
every possible way, cruel? Do we improve 
our breeds of horses, cows, dogs, ete., by 
turning them out without shelter in the 
most rigorous weather, and who proposes to 
improve the types of man in that way ? 
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No philosophy evolved from the inner 
consciousness of man has ever done man 
half the good that has been secured to him 
by the discovery of the agents of infection. 
In fact no important discovery in science 
has failed to better the lot of man. The 


printing press disseminated knowledge. ~ 


The discovery of illuminating gas drove 
crime from the streets of large cities. The 
telegraph and telephone have hastened the 
detection of the criminal. Steam and elec- 
tricity are driving the wheels of the manu- 
facturing world and distributing the prod- 
ucts of all climes. Improved machinery is 
shortening the hours of labor and lifting 
from man’s shoulders his heaviest burdens. 
In short, I know of no scientific discovery 
which has not contributed to the physical, 
intellectual and moral betterment of the 
world, and certainly this ean be said o 
nothing else. 

The foundation stone of my philosophy 
is the doctrine of evolution, the truth of 
which has been so abundantly and posi- 
tively demonstrated by geological, embry- 
ological and biological evidence. I shall 
not attempt to establish the soundness of 
the theory of evolution. I consider this 
already done. 

Through countless ages this development 
has been going on. The time was in the 


history of this planet when the conditions 


of temperature, moisture, ete., were such 
that life as we know it could not have 
existed. But this does not mean that life 
in some form did not exist. By life we 
mean that combination of matter and en- 
ergy by which the former is endowed with 
the capability of growth and reproduction. 
Such a combination of matter and energy 
might have existed when the earth was a 
molten mass, without water upon its sur- 
face and without the present atmospheric 
envelope, but the life of that time, if there 
were any, was quite different from any 
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form of life as we know it. All physiolo- 
gists hold to the dictum: Omne vivum ex 
vivo, and some say: Omne vivum ab eter- 
nitate ex vivo. However this may be, the 
primordial forms of life have developed into 
the present forms. The simple in struc- 
ture and function has become more com- 
plex in both these directions. The unicel- 
lular has evolved the multicellular. The 
undifferentiated protoplasm, under the 
stimulation and guidance of natural selec- 
tion and environment, forces which we 
with all our studies only vaguely compre- 
hend, has been differentiated into the tis- 
sues, systems and organs possessed by the 
world of life as it exists to-day. Soft tis- 
sues have protected themselves with carti- 
laginous and bony structures. From the 
invertebrate the vertebrate has developed. 
Organs especially devoted to digestion and 
assimilation have been evolved. Muscles 
for locomotion have come into existence. 
The vascular systems for the distribution 
of blood and lymph have been slowly and 
gradually elaborated, and every part of the 
complex and highly developed animal has 
been placed under the control and direction 
of the nervous system. The highest prod- 
uct of this wonderful and complicated de- 
velopment is man. Science has not only 
taught, but has demonstrated, all these 
things. Man, though far still from perfec- 
tion, has reached a stage when he has be- 
come the most powerful and direct agent 
in evolution. He takes the grasses of the 
field, the flowers of the plains, the trees of 
the forest, the lower animals in their native 
states, and makes them almost anything he 
wishes. By breeding and selection, by al- 
tered and improved environment, and by 
modification and control of the conditions 
of life he is able to do these things. From 
prehistoric times he has been cultivating, 
developing and improving the grains which 
serve him and his dependent animals as 
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foods. With the dog, horse and cow he has 
developed special breeds to suit not only 
his needs, but even his whims. He has 
filled his gardens with a profusion and 
variety of flowers such as unaided nature 
has never produced. His orchards furnish 
his table with luscious fruits, so attractive 
in appearance, so great in size and so deli- 
cious in flavor that one can hardly realize 
that they have come from the wild varieties, 
Natural selection has been largely replaced 
by human selection, and who shall say that 
this is not natural? But best of all is the 
fact that man is himself an animal, yes, all 
animal, and therefore capable of being im- 
proved by breeding, selection and improved 
environment. Were man, even in part, 
other than animal or supernatural, and not 
influenced by natural and controlable con- 
ditions, the hope of his improvement would 
not be so great. A supernatural force, if 
there be such, is one which man can not 
know, can not study, can not modify, and 
if such a force controls the destiny of the 
race, man’s attempts to improve his kind 
must be futile. A philosophy founded 
upon such a belief leads nowhere, stimu- 
lates to no good deed, and is barren and 
dead from the start. On the other hand, 
the belief that man himself is the most po- 
tent factor in evolution should eall out the 
best effort in every one interested in the 
welfare of his kind. If my work can make 
two blades of grass where only one has 
grown, can so improve the native grain, 
which barely returns the seed sown, that it 
will produce a hundredfold; can convert 
the diminutive, sour, wild apple into the 
large, mellow, delicious pippin; can con- 
vert the native, seraggy pony, barely sub- 
sisting on the sparse growth of his native 
range, into the high-bred, well-developed, 
spirited, intelligent horse; can change the 
thieving, slinking wolf that once followed 
the nomadic man in order to feed upon the 
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sparse remnants of his scanty meal, into 
the noble, intelligent dog that has become 
man’s companion; above all, if my work 
ean aid ever so little in bettering the condi- 
tion of my fellow man, either in the present 
or in future generations; if these things be 
true there is every incentive to do what I 
may in the accomplishment of these things. 
Who can say that the doctrine of the 
descent of man from the lower animals 
degrades him? On the contrary, it shows 
what man has done even with the slight 
enlightenment of the past, and it points to 
the heights to which he may reasonably 
hope to climb in the future. 

I believe in heredity, that like breeds 
like, and the good dr bad in the parent will 
pass on to the child. This belief in heredity 
does not lead;me to spend my time in 
studying ancestral records. No, I let the 
past take care of itself. It is gone and can 
not be changed. I like to think that all my 
good impulses come from my ancestors, and 
that my bad ones are due to acquired sins. 
But for the great lesson taught by our 
knowledge of heredity we should look to 
the future. Generations to come may make 
inquiry as to their ancestors, and then they 
may mean you or me. The young man of 
to-day who gives himself to drink and 
venery is preparing himself to be the father 
of degenerates, imbeciles and insane. That 
degeneracy is inherited there can be no 
doubt. Statisties collected in widely sepa- 
rated parts of the world show this to be 
true. Fortunately, good qualities are 
equally inheritable. Could there be a 
higher incentive to any one to keep himself 
clean physically and morally than this? 
If so, I have failed to hear of it. Science 
teaches us that our actions and even our 
words are parts of the environment in 
which those about us live and may influ- 
ence them for good or ill, and may live 
through their effects upon others, and 
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through them on generations yet unborn. 
Yea, more, our thoughts, even though un- 
spoken, have their part in shaping our- 
selves. They constitute a part and an im- 
portant part of our environment. Was 
there ever a higher incentive to righteous- 
ness in deed and purity in mind than this? 
Whether I shall do a certain thing or not 
should not be determined by hope of future 
reward or by fear of future punishment, 
but by its effects. Some of the most atro- 
cious deeds recorded in history have been 
performed under the belief that religion 
and God were being thereby served. Such 
were the tortures of the Inquisition. 

The doctrine of evolution teaches that 
environment is a powerful factor in the 
modification and improvement of species, 
and experiments upon plants and animals 
have confirmed these teachings so repeat- 
edly and so positively that no sane man 
can question it. My philosophy, therefore, 
points out a way in which I can render a 
real and lasting service. I will therefore 
give my best endeavor to improve the con- 
ditions under which men live. This should 
be one of the strongest motives in the work 
of the scientist. Indeed, it should actuate 
the deeds of all intelligent men and women. 
The old Latin proverb: ‘‘Salus populi 
suprema lex est,’’ which I should translate: 
‘<The welfare of the people should be our 
highest concern,’’ is a good motto under 
which we should live and labor. 

Ignorance is bad environment and there- 
fore we should labor to dispel it. Igno- 
rance should be replaced by knowledge, 
and this shall make us free and strong. 
That knowledge which we can use is the 
best. As one of England’s historians has 
said: 


The knowledge which we can use is the only 
real knowledge; all else hangs like dust about the 
brain or dries up like rain drops off the stones. 
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The scientist, even though he be a rank 
materialist without any belief in the super- 
natural, with no thought of any personal 
existence beyond the grave, has his dreams 
of the future. He dreams of the time when 
the engines of destruction will be so power- 
ful and certain in action that war will be 
impossible, and the world shall become one 
great community of enlightened, intelligent 
human beings, dwelling in peace and unity. 
He is striving not to send souls to heaven, 
but to convert earth into heaven. He 
dreams of a time when agriculture shall 
have been so perfected that the harvests 
shall supply of fruits and grains, such as 
the world has not yet seen, an abundance 
for all. He dreams of a time when there 
shall be no suffering or want, when every 
man shall labor and every man shall possess 
in equal abundance. He dreams of a time 
when there shall be no premature death, 
when sickness and pain have been abolished 
through the wisdom of man. He dreams 
of these things, not with the hope that he 
individually may participate in them, but 
with the joy that he may aid in their 
coming to those who shall live after him. 
It is more blessed to sow than to reap. 

Science teaches, more effectually than 
any religion has ever done, the necessity of 
lending a helping hand to those in distress. 
The spread of infection has been a power- 
ful agent in demonstrating to man that the 
condition of his less fortunate fellow is a 
matter of real concern to himself. Disease 
in the slums may spread to the palatial 
residences, and has shown the owner of the 
latter that the dweller in the former is 
indeed his neighbor. The typhoid bacillus 
finds its way from the squalid hut up the 
river into the great city, and visits the rich 
as well as the poor. Infection is an in- 
truder against which locks and bolts fur- 
nish but slight protection. It comes in 
water, in milk, in food, in dust. It is 
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brought by mosquito, fly or other insect. 
We meet infection in the street, we brush 
against it in the street car, and we sleep in 
it in the Pullman. It comes to our places 
of business, sits by us in the restaurant, or 
hotel, and travels with us by both rail and 
water. It demonstrates the close relation- 
ship of all classes and conditions of men, 
and proves that no man can live to himself 
alone. It compels the intelligent to in- 
struct the ignorant, and the rich to help 
the poor. Our knowledge of the spread of 
infection is the strongest factor in the so- 
cialistic movement of the day. 

There is another lesson which the well- 
to-do should learn from science. The man 
who employs labor should know that the 
efficiency of the laborer depends upon the 
conditions under which he lives. His 
wages should be sufficient to provide for 
himself and those dependent upon him 
enough wholesome food to eat, proper 
housing, proper clothing, means of educa- 
tion for his children and some rational 
recreation. Many of the captains of in- 
dustry have amassed great fortunes by 
giving to their employees a minimum wage, 
compelling them to live in squalor and on a 
starvation diet. Some of these capitalists 
have distributed large sums thus secured in 
charities, and have hoped by these gifts to 
be known as great philanthropists. The 
time is fast coming when wealth thus accu- 
mulated will be regarded as unjustly se- 
cured. It is better to pay a living wage to 
every workman than to distribute money 
obtained through the necessities of the poor 
in charity. Were justice more evenly and 
honestly practised by employers in the 
business world there would be less need of 
charity. I feel very strongly on this point. 
No man would think of running a costly 
machine or expect to get the highest effi- 
ciency out of it except under the most 
favorable conditions. He knows that low- 
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grade fuel results in low-grade work, and 
he recognizes the fact that proper lubrica- 
tion is essential. He knows these things 
and employs his knowledge in working his 
engines, and he too often apparently for- 
gets that the human body is a machine, the 
most complicated, and under favorable con- 
ditions the most efficient one in the world. 

I believe in the ascent of man from lower 
forms of animal life, and we need not look 
back very far to see the low level from 
which he has climbed. Indeed we need not 
look back at all. The mass of mankind 
even in the civilized world is diseased, ig- 
norant and immoral. We say that this is 
an enlightened age, and that we live in a 
civilized land, all of which is true, but 
enlightenment and civilization are relative 
terms and cover widely different condi- 
tions. Physical health has been improved 
in the past century. Epidemics have been 
held in abeyance by scientific agencies. 
The average life has been prolonged, and 
the material conditions of life have been 
greatly advanced. Learning is gradually 
extending its boundaries, and productive 
scholarship is reaping rich harvests, to the 
great benefit of the race. Scholasticism no 
longer dominates our educational institu- 
tions, and research is busy clearing away 
the jungles and draining the swamps of 
ignorance and superstition. Man is appre- 
ciating his moral obligations more fully 
than he has ever done in the past. All 
these things are true, but disease still takes 
a heavy toll; ignorance still opposes ad- 
vanee, and moral tyrannies are still prac- 
tised. When we look down into the depths 
from which man has climbed, even since 
historical reeords began, and where many 
of our kind still linger, we shudder, but 
when we look up to the heights to which he 
may still go we are filled with hope and 
Joy. Then when we realize that each one 
may contribute to the progress of the race, 
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the problem of life impresses upon us a 
hopeful seriousness, and a buoyant deter- 
mination that though the task be great it is 
one well worth the effort. 
_ Men are mortal, but man is immortal. 
The individual has only an ephemeral ex- 
istence, but the germinal cell continues 
through all generations. The somatic man 
constitutes the temporary environment of 
the germ cell, and it is fortunate that the 
former has only a slight influence on the 
latter, but it is this slight influence which, 
multiplied though many generations, be- 
comes the great and central moving force 
of evolution. This individual influence on 
the race is not confined to the direct line, 
but a man through his words and deeds 
may give direction to the growth of his 
neighbor, and on those to come from that 
neighbor. With this understanding, life is 
ennobled and impregnated with a divinity 
of which no religion has dreamed. It 
shows the brotherhood and interdependence 
of all men. It makes of the individual a 
unit, and an important factor in the great 
drama of creation. It makes the individ- 
ual conscious of his duties and arms him 
with the means to perform them. It gives 
to the individual worth and dignity far 
beyond that conferred upon him by those 
philosophies the central doctrine of which 
is the hope of future reward, or the fear of 
future punishment. It is practical, 
working philosophy which, when _thor- 
oughly understood and practised, will 
bring peace, good will, and brotherly love 
to all peoples of the earth. It does not 
lead to an imaginary heaven with streets 
paved with gold and precious stones, but it 
will bring to the earth and all that dwell 
therein a life of joy and righteousness. 
The philosophy of science concerns itself 
with this world and with this life. It 
reaches every condition of life. It should 
pervade all our notions and influence all 
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our actions. It should determine our rules 
of conduct. It should stimulate the indi- 
vidual in making the most possible out of 
himself. It teaches the necessity of keep- 
ing the body in the most perfect condition, 
and that a sound mind is found only in a 
sound body, because the former is only a 
product of the latter. Much has been said 
about the influence of mind on matter, 
while science demonstrates the influence of 
matter on mind, because the two are one 
and indivisible. The individual who abuses 
his body commits a sin not only against 
himself, but against the race of which he is 
an individual unit. The man who takes a 
material advantage over a fellow debases 
himself and sins against his kind. A gov- 
ernment which fails to secure for its 
humblest citizens proper and _ sufficient 
food, sanitary shelter and means for intel- 
lectual growth can not properly claim to be 
for the benefit of the people, nor for the 
advancement of the race. The failure of 
our own government to do equal justice to 
all has given rise to the present widespread 
discontent. Law and justice are by no 
means synonymous. The time will come 
when the unlimited inheritance of prop- 
erty, like that of the inheritance of power, 
will be regarded as a relic of ignorance and 
barbarism. The acquisition of valuable, 
natural resources such as mineral deposits 
and forests by individuals and corporations 
should no longer be permitted, and those 
thus held should be subject to government 
control. No man accumulates great wealth 
by his own unaided effort. One buys a 
large tract of land which becomes highly 
valuable by the extension of a city, another 
is able to utilize a scientific discovery, in 
some industry, while a third finds oppor- 
tunity to employ new machinery and by 
these and similar means great wealth is 
accumulated. This is not only legitimate, 
but when properly done is praiseworthy. 
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The man who adds to the world’s wealth 
makes life less burdensome, improves the 
facilities of transportation, adds to com- 
merce, opens up new and profitable indus. 
tries, increases the wages of labor and does 
these things without oppressing those who 
serve him is a benefactor to his race. The 
time will come when great captains of in- 
dustry will be counted among the heroes of 
the nation, but the unlimited inheritance 
of wealth will not be permitted. Men will 
build fortunes which will not be employed 
to debauch their children, but will go to 
improve the conditions of life among the 
people as a whole. Intelligent men among 
those who have amassed great fortunes are 
already seeing this matter in its proper 
light. Mr. Carnegie has announced his 
desire to wisely distribute his property be- 
fore his death, and the late Dr. Pearsons 
succeeded in distributing his millions and 
dying poor. 

The conditions of life are compelling 
men to be brothers and ultimately they 
must largely stifle out of existence the gross 
forms of selfishness which still are s0 
plainly evident. The urban resident must 
depend upon the city for his water supply 
and even the courts, so slow to progress, are 
beginning to recognize that the citizen has 
a just cause for action against the city if 
he or a member of his family becomes in- 
fected through the water supply. The de- 
dependence of the individual upon the com- 
munity and the duty of the community to 
the individual are being realized now 4s 
never in the past. The relation between 
ignorance, poverty and squalor on the one 
hand and knowledge, efficiency and proper 
living on the other is so plainly seen that it 
can no longer be disregarded by those who 
control our governmental affairs, both geD- 
eral and local. The morbidity and mor- 
tality rates in the slums of some of our 
great cities should shame us, and since dis- 
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ease is always spreading from these breed- 
ing places, a selfish motive, if there be no 
better impulse to direct, will force munici- 
palities to tax the rich in order to better the 
condition of the poor. 

Man’s most distinguished virtues have 
grown out of his worst vices. At first the 
strong protected himself, his dependents 
and his property by brute force. As his 
intelligence developed he secured this pro- 
tection by the enactment and enforcement 
of law, but now this fails and he is being 
driven by necessity to practise humanity 
toward his less favored friend. The ma- 
terial betterment of all classes and condi- 
tions of men is demanded by the philosophy 
of science, and it must and will come, if not 
through the agency of a wise evolution, it 
will be reached by more costly and’ less 
humane methods. 

It will be seen that my philosophy is 
thoroughly materialistic. I believe that 
man has been evolved from lower forms of 
animal life, that he has advanced, slowly 
and laboriously, with many atavistic lapses, 
from the brute to a condition of compara- 
tive civilization, that he will continue along 
this road which he has traveled through 
countless generations, and that this will 
ultimately lead the race over the mountain 
tops and into the promised land of human 
perfection. I look for this not for the indi- 
vidual, but for the race, of which each is a 
small, but an important part. I conceive 
the highest duty of the individual to con- 
tribute his mite to the betterment of the 
whole. Science teaches that what the man 
thinks, says and does lives after him, and 
influences for good or ill future genera- 
tions. To me this is a higher, nobler and 
greater incentive to righteousness than any 
hope of personal reward or fear of punish- 
ment in a future life. I believe that this 
1s a glorious world, full of great opportuni- 
hes to the individual, and of unlimited 
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promise of development in the race. Life 
carries in itself the highest duties, the per- 
formance of which should not be regarded 
as tasks to be shirked if possible, or to be 
done reluctantly, but to be carried on with 
a spirit of thankfulness that it has fallen to 
the lot of the individual to be a participant 
in the great and glorious work of con- 
tributing to the uplift of the race. To 
widen the domain of knowledge, be it ever 
so little, to abate disease, to lessen pain and 
suffering, to decrease the burden of pov- 
erty, to brighten and ennoble the lives of 
others, to harness the forces of nature and 
make them subservient to man’s will and 
contributory to his happiness, to increase 
the productiveness of the soil, to make man 
more considerate of his fellow, to appre- 
ciate and perform his duties, these are some 
of the things that science has done and is 
doing. To be even an humble and un- 
known worker in the great army of men 
who are doing these things is a privilege 
which should make glad the heart of any 
man. Victor C. VAUGHAN 


THE TRANSCONTINENTAL EXCURSION OF 
THE AMERICAN GEOGRAPHICAL 
SOCIETY OF NEW YORK 
To celebrate the sixtieth anniversary of its 
founding, and the occupation of the new 
building which has been presented to it, the 
American Geographical Society of New York 
has planned, as has already been mentioned in 
Science, a transcontinental excursion, which 
is to be conducted by Professor William 
Morris Davis, of Harvard University. The 
excursion started from New York on August 
22, and will end at New York on October 17 
and 18, 1912. Many of the geographical so- 
cieties of Europe were invited to appoint dele- 
gates to take part in the excursion. The fol- 

lowing have accepted: 


AUSTRIA 


Dr. Eduard Brtickner, professor of geography at 
the University of Vienna. 
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Dr. Fritz Machatschek, privatdozent of geography 
at the University of Vienna; editor of the Mit- 
teilungen of the I. and R. Geographical Society 
of Vienna. 

Dr. Eugen Oberhummer, professor of geography 
at the University of Vienna; president of the 
Geographical Society of Vienna. 


BELGIUM 


Jules Leclerq, former president of the Royal Bel- 
gian Geographical Society. 

Paul Elsen, member of the Royal Geographical 
Society of Antwerp. 


DENMARK 


Professor Ole Olufsen, secretary of the Royal 
Danish Geographical Society. 


FRANCE 


Henri Baulig, instructor in geography, University 
of Paris. 

Albert Demangeon, professor of geography, Uni- 
versity of Lille. 

Emmanuel de Margerie, late president, Geological 
Society of France; associate editor, Annales de 
Géographie. 

Edouard-Alfred Martel, Geological Survey of 
France; editor of La Nature. 

Emmanuel de Martonne, professor of geography 
in the Universities of Lyons and Paris; asso- 
ciate editor of the Annales de Géographie. 

Lucien Gallois, professor of geography, University 
of Paris; associate editor, Annales de Géog- 
raphie. 

Antoine Vacher, professor of geography, Univer- 
sity of Lille. 

GERMANY 

Dr. Erich von Drygalski, professor of geography, 
‘University of Munich. 

Dr. Fritz Jaeger, professor of colonial geography, 
University of Berlin, 

Dr. Gottfried Merzbacher, explorer, Miinchen. 

Dr. Joseph Partsch, professor of geography, Uni- 
versity of Leipzig. 

Dr. Alfred Riihl, Oceanographical Institute, Berlin. 

Dr. Carl Uhlig, professor of geography, University 
of Tiibingen. 

Dr. Wilhelm Volz, instructor in geography, Uni- 
versity of Breslau. 


GREAT BRITAIN 


Henry O. Beckit, School of Geography, University 
of Oxford. 
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George G. Chisholm, lecturer on geography, Uni- 
versity of Edinburgh; secretary to the Royal 
_ Seottish Geographical Society. 

Alan Grant Ogilvie, School of Geography, Univer- 
sity of Oxford. 

Wm. H. Myles, Dunbar, Scotland. 


HUNGARY 
Dr. Eugene de Cholnoky, professor of geography, 
University of Kolozsvar. 
Count Paul Teleki, secretary of the Hungarian 
Geographical Society, Budapest. 


ITALY 
Dr, Olinto Marinelli, professor of geography at 
the Institute of Higher Studies, Florence; co- 
editor of the Rivista Geografica Italiana. 
Professor G. Ricchieri, Milan. 


THE NETHERLANDS 
J. F. Niermeyer, professor of economic geography, 
University of Utrecht; editor of the Journal of 
the’ Royal Geographical Society of the Nether- 
lands. 
Dr. Karl Oestreich, professor of physical geog- 
raphy, University of Utrecht. 


NorRWay 


Werner Werenskiold, lecturer on physical geog- 
raphy, University of Christiania. 


PORTUGAL 


Dr. Francisco Silva Telles, professor of geography 
in the Faculty of Letters, University of Lisbon. 


RussIA 
Wladimir Doubiansky, Imperial Botanical Gardens, 
St. Petersburg. 
Jules M. Schokalsky, professor of physical geog- 
raphy at the Académie Navale Nicolas and at 
the Ecole Supérieure Pédagogique. 


SPAIN 
Dr. Ricardo Beltran y Réozpide, secretary of the 
Royal Geographical Society, Madrid; professor 
of geography at the School of Higher Studies 
for the Professorate. 


SWEDEN 


Dr. Gunnar Andersson, professor of economic 
geography at the College of Commerce, Univer- 

- sity of Stockholm; secretary of the Swedish 

' Anthropological and Geographical Society; edi- 
tor of Ymer, 
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SWITZERLAND 
Emile Chaix, professor of economical and political 
geography, University of Geneva. 
Dr. Fritz Nussbaum, instructor in geography, Uni- 
versity of Bern; secretary of the Geographical 
Society of Bern. 


INVESTIGATORS AT THE MARINE 
BIOLOGICAL LABORATORY 


Tue investigators working at the Marine 
Biological Laboratory, Woods Hole, during 
the present season are: 


Adkins, Walter S., graduate student, Columbia 
University. 

Allyn, Harriet M., instructor in zoology, Vassar 
College. 

Baitsell, George A., assistant in zoology, Yale Uni- 
versity. 

Bancroft, Frank N., associate, Rockefeller Insti- 
tute. 

Bartholemew, Elbert T., instructor in botany, Uni- 
versity of Wisconsin. 

Beckwith, Cora J., instructor in zoology, Vassar 
College. 

Binford, Raymond, fellow in zoology, Johns Hop- 
kins University. 

Boring, Alice M., assistant professor of zoology, 
University of Maine. 

Bradley, Harold C., assistant professor of physi- 
ological chemistry, University of Wisconsin. 
Browne, Ethel N., graduate student, Columbia 

_ University. 

Budington, R. A., associate professor of zoology, 
Oberlin College. 

Calkins, Gary N., professor of protozoology, Co- 
lumbia University. 

Carver, Gail C., professor of biology, Mercer Uni- 
versity, Macon, Ga. 

Cary, Lewis R., instructor in zoology, Princeton 
University. 

Chambers, Robert, associate professor of embryol- 
ogy and histology, University of Cincinnati. 

Clapp, Cornelia M., professor of zoology, Mount 
Holyoke College. 

Clark, Eleanor Linton, special student, Johns Hop- 
kins University. 

Clark, Eliot R., associate in anatomy, Johns Hop- 
kins University. 

Conklin, E. G., professor of biology, Princeton 
University. 

Derick, Carrie M., professor of morphological bot- 
any, MeGill University. 
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Donaldson, H. H., professor of neurology, Wistar 
Institute of Anatomy and Biology, Philadelphia. 

Drew, Gilman A., assistant director, Marine Bio- 
logical Laboratory. 

Duggar, B. A., professor of plant physiology, Mis- 
souri Botanical Gardens, St. Louis, Mo. 

Dungar, Neil 8., acting professor of biology, 
Carleton College. 

Edwards, Dayton J., tutor in physiology, College 
of the City of New York. 

Ewald, W. F., fellow, Rockefeller Institute. 

Flanigen, Ruth, graduate student, Columbia Uni- 
versity. 

Fromme, Fred -D., assistant in botany, Columbia 
University. 
Garrey, Walter E., associate professor of physiol- 
ogy, Washington University Medical College. 
Goodrich, H. B., assistant in zoology, Columbia 
University. 

Grave, Caswell, associate professor of zoology, 
Johns Hopkins University. 

Gregory, Louise H., instructor in zoology, Barnard 
College. 

Harper, R. A., professor of botany, Columbia Uni- 
versity. 

Hayden, Margaret A., teacher of biology, Western 
High School, Baltimore, Md. 

Heilbrun, Lewis V., graduate student, Columbia 
University. 

Hewitt, Joseph H., 2145 N. Halsted Street, Chi- 
eago, Ill. 

Hickernell, Louis M., fellow, Princeton University. 

Hoge, Mildred A., graduate student, Columbia 
University. 

Hogue, Mary J., instructor in zoology, Mount 
Holyoke College. 

Howe, Caroline C., teacher of biology, East Side 
High School, Newark, N. J. 

Howland, Ruth B., associate professor of biology, 
Sweet Briar College. 

Just, Ernest E., associate professor of biology, 
Howard University. 

Kellersberger, Eugene R., graduate student, Wash- 
ington University Medical School. 

Kellicott, William E., professor of biology, 
Goucher College. 

Kite, George L., fellow in pathology, Sprague 
Institute. 

Knower, H. McE., professor of anatomy, Univer- 
sity of Cincinnati. 

Knowlton, Frank P., professor of physiology, Syra- 
cuse University. 

Lewis, Ivey F., professor of biology, Randolph- 
Macon College. 
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Lewis, Margaret Reed, 1931 East 31st Street, Bal- 
timore, Md. 

Lewis, Warren H., associate professor of anatomy, 
Johns Hopkins University. 

Lillie, Frank R., professor of embryology, Univer- 
sity of Chicago, and director, Marine Biological 
Laboratory. 

Lillie, Ralph S., assistant professor of experi- 
mental biology, University of Pennsylvania. 

Loeb, Jacques, Rockefeller Institute. 

Loeb, Leo, director, department of pathology, Bar- 
nard Free Skin and Cancer Hospital, St. Louis, 
Mo. 

Lund, Elmer J., Bruce fellow, Johns Hopkins 
University. 

Lyman, George R., assistant professor of botany, 
Dartmouth College. 

Lyon, E. P., professor of physiology, St. Louis 
University. 

Malone, Edward F., assistant professor of anat- 
omy, University of Cincinnati. 

Marquette, William G., Columbia University. 

McCann, William 8., graduate student, Cornell 
Medical College. 

Meigs, Edward B., fellow in physiology, Wistar 
Institute of Anatomy and Biology. 

Moore, George T., director, Missouri Botanical 
Gardens, St. Louis, Mo. 

Morgan, T. H., professor of experimental zoology, 
Columbia University. 

Morrill, Charles V., instructor in anatomy, Univer- 
sity and Bellevue Hospital Medical College. 

Morris, Margaret, 53 Edgehill Road, New Haven, 
Conn. 

Nowlin, Nadine, instructor in zoology, University 
of Kansas. 

Orcutt, Alfred W., fellow, University of Illinois, 

Osterhout, W. J. V., assistant professor of botany, 
Harvard University. 

Packard, Charles, assistant in zoology, Columbia 
University. 

Pappenheimer, Alwin M., associate in pathology, 
Columbia University. 

Patten, Hazel, laboratory assistant, Western High 
School, Baltimore, Md. 

Patterson, J. T., adjunet professor of zoology, 
University of Texas. 

Pearse, A. 8., assistant professor of zoology, Uni- 
versity of Wisconsin. 

Robbins, William J., assistant in plant physiology, 
Cornell University. 

Rosenow, Edward C., assistant professor of medi- 
cine, Rush Medical College. 
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Sink, Emory W., assistant in zoology, University 
of Michigan. 

Smith, Bertram G., assistant professor of zoology, 
State Normal College, Ypsilanti, Mich. 

Spaulding, E. G., assistant professor of philosophy, 
Prineeton University. 

Spencer, Henry J., graduate student, Columbia 
University. 

Stockard, Charles R., professor of anatomy, Cornell 
Medical College. 

Strong, Oliver S., instructor in anatomy, Columbia 
University. 

Wallace, Edith M., research assistant, Columbia 
University. 

Wasteneys, Hardolph, associate, Rockefeller Insti- 
tute. 

Wheeler, Isabel, graduate student, Columbia Uni- 
versity. 

Wherry, William B., professor of bacteriology, 
Cincinnati Hospital. 

Wieman, H. L., assistant professor of zoology, 
University of Cincinnati. 

Williams, Leonard W., instructor, Harvard Med- 
ieal College. 

Wilson, E. B., professor of zoology, Columbia 
University. 

Woodruff, L. L., assistant professor of biology, 
Yale University. 


THE UNITED STATES PUBLIC HEALTH 
SERVICE 

THe agitation which has been going on for 
the past few years for the enlargement of the 
health activities of the United States govern- 
ment has resulted in the passage of a law, 
signed by the president on August 14, which 
enlarges the functions of the Public Health 
and Marine-Hospital Service and changes the 
name to the “United States Public Health 
Service.” Under this law the new Public 
Health Service is given very wide authority 
to investigate the “diseases of man and con- 
ditions influencing the propagation and spread 
thereof including sanitation,” ete. All of the 
previous laws relating to quarantine, the 
eradication of certain epidemic diseases and 
the scientific investigations of the Hygienic 
Laboratory in bacteriology, pharmacology, 
chemistry, medical zoology, ete., remain in 
force so that now the United States has a na- 
tional public health service with greater scope 
than that of any of the other leading nations. 
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_$CIENTIFIC NOTES AND NEWS 


In connection with the visit to Dundee in 
the beginning of September of the British 
Association for the Advancement of Science, 
the senate of the University of St. Andrews 
has resolved to confer the degree of LL.D. on 
sixteen foreign men of science who are ex- 
pected to attend the meetings of the associa- 
tion. As a recognition of the president of the 
association, Professor E. A. Schaefer, of 
Edinburgh University, they are largely physi- 
ologists. The United States is represented by 
Dr. S. J. Meltzer, of the Rockefeller Institute 
of Medical Research. 

Dr. Kart SCHWARZSCHILD, director of the 
astrophysical observatory near Potsdam, has 
been elected a member of the Berlin Academy 
of Sciences. 


Tue Bavarian Academy of Sciences has 
conferred the medal “ Bene merenti” on Dr. 
Karl Hoséus for his botanical collections 
from Siam. 


Dr. J. G. ScourMAN, president of Cornell 
University, has been appointed minister to 
Greece, where he will spend a sabbatical year 
of leave of absence. 


Proressor GREENFIELD, of the University of 
Edinburgh, has been granted permission to 
retire, on a retiring allowance, from the chair 
of pathology. 


Mr. J. C. Umyey has been elected to pre- 
side over the jubilee meeting of the British 
Pharmaceutical Congress which will be held 
in London next year. 


Dr. Lanepon C. Srewarpson has resigned 
the presidency of Hobart College. 


Masor W. W. Crossy has resigned as chief 
engineer of the state roads commission of 
Maryland to engage in practise as consulting 
engineer, 

Dr. W. J. Hotxann, the director of the Car- 
negie Museum, accompanied by Mr. Arthur 
S. Coggeshall, the chief preparator in the sec- 
tion of paleontology of that museum, sailed 
for Buenos Aires on August 20 by the S.S. 
Vasari of the Lamport and Holt Line. Their 
errand is to install in the National Museum at 
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La Plata a replica of Diplodocus carnegiet 
presented by Mr. Carnegie to the president of 
the Argentine Republic. 


Dr. RaymMonp Peart has returned from a 
brief visit to London, undertaken for the pur- 
pose of attending the first International 
Eugenics Congress and also a meeting of a 
provisional committee for the organization of 
an International Association of Poultry In- 
structors and Investigators. This association 
was formed, with representatives of twenty- 
seven countries in attendance. Mr. Edward 
Brown, F.L.S., of London, was chosen as the 
first president and Dr. Pearl as secretary. 


Dr. A. F,. BLakester has a year’s leave of 
absence from the Connecticut Agricultural 
College. He has a temporary appointment 
on the staff of the Carnegie Station for Ex- 
perimental Evolution at Cold Spring Harbor, 
L. I., N. Y¥., where he will spend the year in 
research work on the lower fungi. 


Mr. Cuartes H. T. Townsenp, who has been 
in Piura, Peru, for the past two years, removed 
with his family to Lima in June, 1912, to take 
charge of the Estacién de Entomologia, which 
will comprise all government entomological 
work in Peru and whose headquarters will be 
located at the capital. Mr. E. W. Rust re- 
mains in Piura in charge of the work there 
against cotton plagues, which will constitute 
a branch station. Mr. Rust was unharmed by 
the severe earthquake which occurred at Piura 
on the morning of July 24, 1912. All the col- 
lections, notes, books and manuscripts, and 
the more important part of the equipment of 
Mr. Townsend’s office were removed to Lima 
with him, and thus escaped the effects of the 
earthquake. 

Mr. Pavut Korcuoor, agricultural expert, 
department of the Russian ministry of agri- 
culture, and Mr. Vaseelie Yurieff, assistant 
director, Kharkow Central Agricultural Ex- 
periment Station, have been visiting the 
agricultural colleges and stations of this coun- 
try. 

Proressor W. A. Bone, F.R.S., will lecture 
before the German Chemical Society on No- 
vember 30 on “Surface Combustion.” 
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‘Tue following appointments to lectureships 
have been made by the Royal College of Physi- 
cians of London: Goulstonian lectures, Dr. 
A. J. Jex-Blake; Oliver Sharpey lectures, Dr. 
A. D. Waller, F.R.S.; Lumleian lectures, Dr. 
F. de Havilland Hall; Croonian lectures, 
Professor C. S. Sherrington, F.R.S., and 
FitzPatrick lectures, Dr. C. A. Mercier. 


Dr. T. B. McCuintic, of the United States 
Public Health Service, died in Washington 
on August 13 of Rocky Mountain spotted 
fever, contracted while investigating the dis- 
ease in Montana. Dr. McClintic had done 
important work in the investigation and sup- 
pression of this fatal disease and in other di- 
rections. He was thirty-nine years of age and 
had been connected with the U. S. Public 
Health and Marine Hospital Service for fif- 
teen years. He was a native of Virginia and 
a graduate of the University of Virginia. 


Dr. Metvitte Amasa Scove.t, director of 
the Kentucky Agricultural Experiment Sta- 
tion and dean of the College of Agriculture 
of the Kentucky State University, died at his 
residence, near Lexington, on August 15, 
after an illness of two weeks. By his distin- 
guished services as an educator, chemist, agri- 
culturist and authority on all matters per- 
taining to dairying and live stock, and as a 
broad-minded, public spirited citizen, Dr. 
Seovell made a deep impress on the affairs of 
the state and nation. 

Proressor JoHN Craic, head of the depart- 
ment of horticulture of the New York State 
College of Agriculture, Cornell University, 
known for his contributions to pomology and 
agricultural education, died at Siasconset, 
Mass., on August 12. He was born at Lake- 
field, Canada, in 1864. 


Proressor JoHN Atsop Paine, state botanist 
of New York in the early sixties, professor of 
natural sciences in Roberts College, Constanti- 
nople, and later curator in the Metropolitan 
Museum of Art, New York City, has died at 
the age of seventy-two years. 


Mr. ALLAN Octavian Hume, known as an au- 
thor on Indian ornithology, the donor of somé 
seventy-five thousand skins and eggs of Indian 
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birds to the British Museum, died on July 31, 
aged eighty-three years. ~ 


Mr. Harotp Donatpson, of the British Na- 
tional Physical Laboratory, the author of re- 
searches on fused silica standards was drowned 
while bathing on July 29, at the age of twenty- 
five years. 


AmonG the contributions recently made to 
the fund for the acquisition of new premises 
for the Royal Geographical Society, London, 
are a donation of £1,000 from the Argentine 
government, and the promise of £1,000, 
which is to be placed upon the estimates by 
the government of the Australian common- 
wealth. 


Tue ninth International Otological Con- 
gress opened its sessions at the Harvard Med- 
ical School on August 12. Professor Kérnel 
von Lichtenberg opened the congress and Dr. 
E. H. Bradford, dean of the Harvard Medical 
School, delivered the address of welcome. 
Professor Adam Politzer, Vittorio Grazzi, 
Urban Pritchard and E. J. Moure, honorary 
presidents, made short responses. 


Tue first Mexican Scientific Congress will 
be held in the City of Mexico on December 
9 to 14. The congress is organized by the 
scientific society Antonio Alzate, and is under 
the auspices of the minister of public instruc- 
tion. The congress will meet in eight sec- 
tions as follows: (1) philosophy, (2) sociology, 
(3) linguistics and philology, (4) mathe- 
matical sciences, (5) physical sciences, (6) 
natural sciences, (7) applied sciences, (8) 
geography, history and archeology. 


Notice has been received at the Canadian 
Geological Survey of the fifth shipment of 
specimens from British Columbia for the 
Natural Museum of Ottawa, made during the 
past twelve months as a result of orders issued 
by Sir William Mackenzie on behalf of the 
Canadian Northern Railway. The specimens 
were found a short distance from Kamloops, 
B. C., and consist of bones ploughed up in a 
burrough pit in the side of the river. There 
are also some objects made of beaten copper 
and of bone and deer skin. 
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UNIVERSITY AND EDUCATIONAL NEWS . 


‘Mr. Rosenwatp, of Chicago, cele- 
brated his fiftieth birthday by gifts of $687,- 
500 for charitable and educational purposes, 
including $250,000 to the University of Chi- 
cago. 

Tuer estate of the late Dr. J. E. Robinson, 
first governor of Kansas, which by his will 
was left to the University of Kansas on the 
death of his wife, has become available. The 
value of the estate is in the neighborhood of 
$100,000. It is to be used for the medical 
school. 


By the will of Mr. James Hall, the Univer- 
sity of Manchester will ultimately receive at 
least £40,000 for the endowment of chairs of 
chemistry and philosophy and scholarships in 
these subjects. 


New science laboratories at Cranleigh 
School, Surrey, the gift of Sir C. Chadwyck- 
Healey, were recently opened by Sir William 
Ramsay. 


Tue Saxon government has decided against 
the project for a university at Dresden on the 
ground that the learned professions are already 
overcrowded and that the government does not 
regard the maintenance of two universities of 
the first grade as practicable. 


Mr. Arcuipatp A. Bowman, M.A., lecturer 
in logic at Glasgow University, has been ap- 
pointed professor of philosophy in Princeton 
University to fill the vacancy caused by Pro- 
fessor J. G. Hibben’s election to the presi- 
dency. 


Proressor W. J. Wricut, formerly of the 
department of horticulture of the Pennsyl- 
vania State College, has resigned to accept the 
directorship of the New York State School of 
Agriculture at Alfred University, Alfred, 
New York. 


Tue board of trustees of the University of 
Illinois, at a recent meeting, authorized three 
new professorships in the College of Agricul- 
ture. These are as follows: A professorship 
in landseape art, a professorship in animal 
pathology, and a professorship in dairy hus- 
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bandry. The appointment of an associate 
and an instructor in landscape art and an as- 
sistant professor of genetics was also author- 
ized. Last year a department of forestry was 
created but the chair was not filled at that 
time. Bethel Stewart Pickett, an Illinois 
graduate student and lately head of the hor- 
ticulture department at the New Hampshire 
Agricultural College, has been appointed as- 
sistant professor of pomology. He brings an 
assistant with him from New Hampshire, Mr. 
J. J. Gardner, who will be an instructor in 
pomology. Dr. John Detlefson, lately of 
Harvard and Bussey Institution, Boston, has 
been appointed assistant professor of the new 
division of genetics in the animal husbandry 
department. Dr. Walter E. Joseph, of South 
Dakota Agricultural College, will be an in- 
structor in animal husbandry, and V. A. 
Place, of Ohio State University, assistant in 
animal husbandry. Among the appointments 
made in departments allied to agriculture are 
those of Henry C. P. Weber, of the U. S. 
Bureau of Standards, as associate in chem- 
istry, and of Otto Rahn, formerly of the 
Agricultural Experiment Station of Halle, 
Germany, and of the Massachusetts Agricul- 
tural College as assistant professor of bacter- 
iology. 

Ar the Minnesota Experiment Station in 
the division of agricultural engineering, 
Messrs. J. L. Mowry, H. B. Roe and A. M. 
Bull were promoted in May from the rank of 
instructor to that of assistant professor. A. 
V. Storm, professor of agricultural education, 
Towa State College, has been elected professor 
of agricultural education. J. O. Rankin, as- 
sistant professor of economics in the Iowa 
State College, has been elected editor, with 
the rank of professor. Associate Professor W. 
H. Tomhave has resigned to accept a pro- 
fessorship in animal husbandry at the Penn- 
sylvania State College. W. A. McKerrow 
was elected specialist in animal husbandry in 
the extension division with the rank of as- 
sistant professor, to succeed Mr. Tomhave. 
Professor Frederic H. Stoneburn, of the Con- 
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necticut Agricultural College, has been 
elected professor of poultry husbandry. | 
- Mr. E. R. Garrett, of the University of 
Oklahoma and the Oklahoma Geological Sur- 
vey, has been appointed assistant in mineral- 
ogy at Northwestern University. 

Dr. Jonn Sunpvau, of Baltimore, has been 
appointed professor of anatomy, and Mr. 
Lindsey S. Milne, M.B., Russell Sage Foun- 
dation, has been appointed professor of med- 
icine, in the University of Kansas. 


Tue following changes in the department 
of anatomy of the University of Pittsburgh 
Medical School are announced: Herbert Hays 
Bullard, A.B., A.M. (Missouri), Ph.D. (Tu- 
lane), for the past three years instructor in 
anatomy in Tulane University Medical De- 
partment, to be instructor in anatomy and 
neurology, vice Dr. Edgar Davidson Cong- 
don, resigned; Harry Ryerson Decker, A.B. 
(Princeton), M.D. (Columbia), to be in- 
structor in anatomy; promoted from a demon- 
stratorship. 

Mr. F. J. Kean, lecturer in civil engineer- 
ing at Leeds University, has been appointed 
lecturer in machine designing and experi- 
mental engineering at McGill University. 


Dr. AsHLEY Watson MackrintosH has been 
appointed regius professor of medicine in the 
University of Aberdeen, in the place of Pro- 
fessor David White Finlay, who has resigned. 


DISCUSSION AND CORRESPONDENCE 


A KEY TO BASIN-RANGE STRUCTURE IN THE 
CRICKET RANGE, UTAH’ 


To tHe Eprror or Scrence: Basin-range 
structure has been the subject of prolonged 
discussion, but the areas affording clear and 
unobliterated evidence of the movements to 
which the ranges have been subjected are 
comparatively rare. During a reconnaissance 
of Utah made the summer of 1905 the writer 
traversed the Cricket Range and mentally re- 
served to future leisure the more careful study 
of the structure he observed. Of this there 


* Published by permission of the director of the 
U. 8. Geological Survey. 
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seems to be no immediate prospect and the 
following information is communicated in 
order that it may be available to any geologist 
who may be fortunate enough to get within 
striking distance of the place. 

The Cricket Range, locally known as the 
Beaver River Range or the Beaver Mountains, 
lies near the center of Millard County, Utah, 
and is northwest of the town of Blackrock on 
the San Pedro, Los Angeles and Salt Lake 
Railroad, 185 miles southwest of Salt Lake 
City. The southern part of the range (just 
west of Blackrock) is composed of several 
parallel and more or less uniform north-and- 
south ridges a few hundred feet high sepa- 
rated by comparatively smooth valleys a half 
mile or more in width. In each of the ridges 
is exposed practically the same succession of 
Middle Cambrian strata, dipping a little north 
of east at angles of from 20 to 30 degrees, and 
the group of ridges and valleys appears to 
duplicate in miniature the essential features 
of the entire Great Basin province. In the 
vicinity of Cricket Spring, which as near as 
can be remembered is not much over ten miles 
from Blackrock, the main part of the range 
begins and it is here composed, in large part 
at least, of Cambrian rocks like those of the 
southern ridges, but raised to. considerably 
higher elevations and intersected by several 
north and south faults whose actual contacts 
may easily be observed. For example, the 
quartzites which form the base of the section 
on the west side of the range are repeated in 
the second canyon east of the spring. In this — 
massive part of the range there is no doubt as 
to the presence of normal faults with the 
downthrow side to the west; it seems prob- 
able that the immediately adjacent succession 
of ridges to the south is to be attributed to 
similar causes, and that an examination of 
the zone between these two physiographic 
units will demonstrate their structural con- 
tinuity. This easily accessible, though ap- 
parently overlooked, locality may thus prove 
to be a key to the Basin-range type of struc- 
ture. 


LanoasTerR D, Burine 
SMITHSONIAN INSTITUTION 
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SCIENTIFIC BOOKS 


Triumphs and Wonders of Modern Chemistry. 
A Popular Treatise on Modern Chemis- 
try and its Marvels, written in Non-Tech- 
nical Language for General Readers and 
Students. By Grorrrey Martin, B.Sc. 
(Lond.), M.Se. (Bristol), Ph.D. (Rostock). 
New York, D. Van Nostrand Company. 
1911. $2.00 net. 

Popular treatises on science are generally 
regarded with disfavor by scientific men. 
This is not unnatural; for the most part those 
who are competent do not write and those who 
write are not: competent. The scientific au- 
thority seems loath to demean himself by writ- 
ing for the unscientific public, and the pop- 
ularization of science is left to the newspaper 
reporter and the penny-a-liner. The reporter 
is catering to a popular demand and we ridi- 
cule or despise or ignore his futile but often 
honest efforts at interpretation in a field 
where he is clearly not at home. 

It is unquestionably the scientist himself 
who is most largely to blame for this situation. 
He will not write himself, he looks askance 
at his fellow scientist if he ventures to write 
for the public and possibly dubs him a quack. 
We forget the marvelously fine work of Tyn- 
dall and of Huxley in popularizing science. 
After all, perhaps most men who are qualified 
from a scientific standpoint are really unable 
to put their knowledge into words which can 
be understood and enjoyed by the mass of 
mankind. 

Of all the sciences possibly chemistry has 
suffered most from lack of popular inter- 
preters. In Germany, Lassar-Cohn and 
Blochmann have in recent years presented 
chemical ideas successfully to the non-scien- 
tific mind, but there is little of value in Eng- 
lish which can be called popular chemistry. 

The book before us is a rather ambitious 
attempt to present the field of atomic and 
sub-atomic chemistry, as well as much of the 
chemistry of the non-metals, “ in non-technical 
language for general readers and students.” 
That the attempt is ambitious is apparent 
from the titles of the fifteen chapters, viz.: 
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The Mystery of Matter; The Underworld of 
Atoms; Distribution and Evolution of the 
Elements; The Wonders of Chemical Change; 
Water; The Element Hydrogen; The Air; 
Oxygen, the Life-supporting Element; Nitro- 
gen; Carbon—a chapter which concludes with 
The Wonders of Atomic Structure of Carbon 
Compounds; Carbon Dioxide; Silicon and its 
Compounds; Sulphur and its Compounds; 
The Phosphorus Group of Elements; Fire, 
Flame and Spectral Analysis. 

The first five chapters are thus occupied 
with the most difficult problems of theoretical 
chemistry. How far they will be compre- 
hended by non-scientific readers is a question. 
It would be interesting to try them as col- 
lateral reading for a class of beginners in 
chemistry. If an hour’s interesting reading 
could be substituted for weary weeks of lec- 
tures, recitations and laboratory, it would be 
a great saving to both instructor and student. 

Truly, there is not a page that can be con- 
sidered dull reading. It is well that “ Won- 
ders” is a part of the title, for there is hardly 
a “wonder” in all the field treated, which is 
not introduced in vivid, often perhaps lurid, 
language. The style and scope of the book 
are best shown by a few quotations, which 
speak for themselves. 

In the chapter on Air, we read of the fu- 
ture of this earth: 


Last of all, when the temperature falls below 
— 210° C., the air will freeze to a solid layer of 
an ice-like transparent mass about thirty-five feet 
thick. No gaseous atmosphere will then exist upon 
the earth. This will become an intensively cold 
dark wilderness. Then, after untold ages of cease- 
less movement and gigantic change, the surface of 
our planet will at last rest in supreme repose, ' 
motionless and utterly silent. For, in the absence 
of a gaseous envelope, no moan of wind or roll of 
thunder, no splash of rain, no roar of torrent, no 
sound of voice of man or beast or bird, can pierce 
the blackness of the night and break its everlast- 
ing calm. The surface of the world will be 4 
vacuum as perfect as that prevailing in Dewar’s 
vacuum-jacketed flasks. The stars will shine out 
of a coal-black sky upon a lifeless world, set stiff 
and hard in the rigid grip of death, circulating 
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unseen and ghostlike in the darkness around a 
burnt-out sun. Yet, only a few miles down in its 
interior, in strange contrast to the dreadful death- 
bringing cold of its surface, the gigantic furnaces 
of the deep, immense reservoirs of power and 
energy, will still gleam and glow. So the world 
will continue for long eons of ages, until its 
matter dissolves away and rushes into the oblivion 
of the ether, or until it is shattered in some mighty 
eosmical collision and resolved into a glowing 
nebula again, only to begin anew another vast 
eycle of life (p. 159). 


Again, of the electrons: 


This primary stuff is negative electricity, which 
is therefore a true chemical element. A flash of 
lightning consists of the swift rush of innumerable 
myriads of these negative electrical atoms, flying 
with the enormous speed of a hundred thousand 
miles and more a second. An electric current 
flowing along a wire consists likewise of a torrent 
of these particles flashing along between the atoms 
which make up the wire. Light is but the swift 
shudder of the ether set up by the rapid whirl of 
these negative electrons round their tiny orbits in 
matter atoms. All the atoms of the elements con- 
sist of aggregations of many thousands of these 
bodies and originated in very different quantities, 
as follows: In the very beginning of time, long 
before ‘Man, Earth, or Sun had come into exist- 
ence, before even there was a suspicion of their 
formation, space was filled with a vast sea of elec- 
trical vapor. The vapor was composed not of 
atoms, for matter atoms had not yet come into 
existence, but of the tinier electrical particles 
mentioned above, the measureless speed of whose 
motions eaused the whole to thrill with a faint 
erepuscular light, and appear from a great dis- 
tance as a faintly luminous cloud, like one of the 
nebule which gleam nightly at us down from the 
sky. 

The vapor, being composed of electrical atoms, 
was electrified beyond all measure, and stretched 
gleaming with its electrical fires, through the dark- 
ness of space like a flaming sword. 

. . « In the earliest nebule—the first stage of 
matter of which we have any knowledge—there 
exist only four elements, namely, two still unknown 
upon the earth, together with hydrogen and helium. 
These are the four elements from which all the 
others have been formed, and these authors (A. C. 
and A. E. Jessup) term them ‘‘protons’’ to dis- 
tinguish them from the other elements. The elec- 
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trons are supposed to condense about the atoms of 
these protons im concentric rings; so that in order 
to imagine the appearance of an atom, we must 
look upon it as composed of a series of rings of 
various sizes, whose particles are in exceedingly 
rapid motion, and indeed, as we shall see presently, 
the stability of the rings is a consequence of the 
rapidity of the motion of the particles of which 


they are composed (pp. 37, 39). 
Of the velocity of electronic motion: 


Tremendous as the velocities reigning in the 
molecular world may seem to us at first sight, yet 
they are quite insignificant when compared to the 
swiftness of the whirling motions going on within 
the atoms themselves; the particles building up 
the atoms flash through over a HUNDRED 
THOUSAND MILES A SECOND! Incredible, 
you will say; nevertheless it is a sober fact of 
science. In every stone and stick about us, cease- 
lessly, second by second, day by day, century by 
century, age by age, these terrific motions are 
going on. In the tiniest grain of dust in the 
millionth part of a second the rush of atomic 
events is so incredibly swift as to defy all con- 
ception and caleulation (p. 21). 

If an intelligent inhabitant of our electronic 
microcosm were suddenly transferred to our world, 
and managed to retain his mental characteristics 
unchanged, our life here, busy as it seems to us, 
would represent to him a changeless eternity, since 
in a single second of our time the electronic world 
has time to revolve billions of times round its 
central sun. His atomic years are almost infinitely 
shorter than ours and his sense of time almost 
infinitely finer. Time and space are, after all, 
merely relative conceptions (p. 81). 


Under Hydrogen is the story of some frag- 
ments of zine carelessly left inside the boiler 
of a German warship: 


The hold was filled with busy stokers, and the 
great engines throbbed, driving the mighty vessel 
swiftly through the sea. All this time the water 
was heated in the boiler to an exceedingly high 
temperature and the zine was dissolving rapidly in 
it, giving off a large amount of hydrogen gas. 
This mingled with the air in the boiler to form a 
terribly explosive mixture, so, all unknown to the 
men working around, the great boiler was gradu- 
ally filled with the deadly gaseous mixture. Sud- 
denly, without a moment’s notice, with a blinding 
flash of light and a roar like an enormous thunder 
peal, the great boiler blew to pieces, killing or 
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maiming all the men in the room and filling the 
vessel with a cloud of scalding steam (p. 111). 


These quotations will suffice to show the 
characteristics of the book. It can hardly be 
considered as other than somewhat sensational 
and often perhaps exaggerated, but to the 
student of chemistry it will afford much food 
for thought and reflection, and this, we think, 
is its chief value. The title of “ Modern 
Chemistry ” is well chosen, for the book is 
brought thoroughly down to date. 

The illustrations are unequal. Some of the 
half-tones are excellent, while some of the 
wood-cuts are execrable, wholly unworthy of 
the book, and others have evidently been 
handed down from early times. Quite unique 
are the three cuts representing the reaction 
between phosphorus pentachlorid and sulfuric 
acid, which have a decidedly astronomical ap- 
pearance, cometic, one might say. 

The book is printed on thick, light paper 
and the typography is good. The only error 
we have noticed is the name of F. W. Clark 
instead of Clarke, and this is several times 
repeated. 

J. L. H. 


Ctenophores of the Atlantic Coast of North 
America. By ALBERT GOLDSBOROUGH MAYER. 
Publications of the Carnegie Institution, 
162. 1910. Pp. 58; pl. 17. 

Dr. Mayer is well qualified to give an ac- 
count of our ctenophore-fauna by many years 
observation at numerous localities between 
Newfoundland and the West Indies, all but 
three of the 21 species here recorded having 
come under his own observation. And his book 
is made doubly welcome by the fact that 
American ctenophores have received little at- 
tention in recent years. 

The first few pages are devoted to a brief 
Statement of geographic distribution, three 
groups of species being recognized on our 
coast: “cold-water forms,” “ intermediate ” 
and “tropical.” The first are described as 
common north of Cape Cod, and occasional as 
far south as Hatteras, the second extending 
from Cape Cod to northern Florida, while the 
records of the tropical species are chiefly from 
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the Tortugas, though some of them “ drift 
northward in summer to the region of Vine- 
yard Sound.” The recognition of these three 
groups is justified; but exception must be 
taken to the limits assigned the first, for two 
of its members, Pleurobrachia pileus and 
Beroe cucumis are by no means exclusively 
cold-water species, as is shown by the presence 
of the former at Bermuda, in the Mediter- 
ranean and at the Seychelles, and of the latter 
near Madagascar and in the Malay archi- 
pelago. Mayer suggests that the Mediter- 
ranean “Pleurobrachias” might be young 
Lobatxw, but specimens from Naples prove to 
be typical P. pileus. If we remove these two 
species from the Arctic group, the extreme 
southern limit of the latter in winter appears 
to be New Jersey. The tropical group in- 
cludes the noteworthy species Hormiphora 
plumosa, Eurhamphea vezxilligera and Folia 
parallelum, not previously recorded from this 
side of the Atlantic. An interesting fact 
pointed out by Dr. Mayer is that we are far 
less rich in ctenophore species than the Medi- 
terranean; though certain ones swarm on our 
northern coasts. 

The general organization of the ctenophores 
has so often been discussed that Dr. Mayer 
limits himself to a brief summary of the fea- 
tures of the gastrovascular system of the six 
orders, and then proceeds to the descriptions 
of the species, which occupy the greater part 
of the volume. These are generally satisfac- 
tory, the lists of references full, and the figures 
numerous and unusually beautiful, and there 
are numerous notes on habitat and on physiol- 
ogy. No families are recognized, the only 
divisions being orders, genera and species. 
The following generic names are abandoned, 
because preoccupied, Bolina, Eucharis, Ocyra 
and Vewxillum; as substitutes Dr. Mayer pro- 
poses Bolinopsis, Leucothea (Mertens), Ocy- 
ropsis and Folia. Four species are described 
as new, Pleurobrachia brunnea, Tinerfe lactea, 
T. beehleri and Leucothea ochracea. But the 
first is so close to the Hormiphora spatulata 
described by Chun from the Plankton expedi- 
tion that I believe the two are identical. 
Leticothea ochracea is interesting because, to 
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judge from analogy, we might expect the Tor- 
tugas representative of the genus to be iden- 
tical with the eastern Atlantic and Mediter- 
ranean species. But Dr. Mayer has studied 
both in life, and the differences between them, 
particularly the presence of lateral tentacular 
filaments in ochracea, are too important to be 
considered individual variations. 

The section dealing with the Lobate de- 
serves special notice because of the excellent 
accounts of Bolinopsis vitrea Mnemiopsis mc- 
cradyi, M. gardeni and Ocyropsis crystal- 
lina, the earlier descriptions of which were 
unsatisfactory. These two species of Mnemi- 
opsis are closely allied to the well-known M. 
leidyi, but the differences are constant, though 
slight. Unfortunately, the status of the other 
West Indian Ocyropsis, O. maculata Rang, is 
still doubtful, as Dr. Mayer never saw a speci- 
men, and the same is true of Lesueria hybop- 
tera A. Agassiz, which he suspects is “only a 
Bolina infundibulum with its oral lobes torn 
off, and the edges healed over.” 

Under the Beréide Dr. Mayer recognizes 
only one genus, Beroe, believing that Pandora 
is a young stage. On this he differs from 
Moser, and from the writer. Probably the 
last word on this point is yet to be spoken. 
Two species of Beroe are listed from our 
coast, cucumis and ovata, the latter including 
clarkii and shakspeari, and, I believe, cor- 
rectly. The figure of the adult ovata is wel- 
come, because many of the records of this 
species in the past have rested on insufficient 
evidence. JB. forskalit is not included, as it 
has never been taken in American waters. 
But judging from its wide distribution in 
warm regions, it may be expected on our 
southern coast. Finally there is a brief ac- 
count of the remarkable Greenland Platyctenid 
Tgalfiella tristoma, condensed from Morten- 
sen’s preliminary description. THis final paper 
has appeared in Vol. 5 of the Danish Ingolf 
Expedition. 

Students will find in this book a convenient 
manual for a group, the previous literature 
of which is scattered and largely inaccessible. 


Henry B. Bicetow 
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Evolution in the Past. By Henry R. Kyrr, 
F.L.S., with Illustrations by Miss Atice B. 
Woopwarp and Ernest Lon- 
don, Herbert & Daniel. 1912. Pp. xvi+ 
242, 4 text figures and 56 plates. 4to. 

A few years ago the author published a pro- 
fusely illustrated work entitled “From Neb- 
ula to Man” in which in metrical form he 
gave a sketch of the gradual development of 
our earth from a nebular mass and of the evo- 
lution of living forms upon the globe. The 
difficulty of forcing the jaw-torturing nomen- 
clature of the paleontologist and zoologist to 
adapt itself to the requirements of smoothly 
running blank verse revealed itself in the au- 
thor’s epic, and it is with a certain sense of 
relief that we turn from the earlier work to 
the present, in which in plain prose he 
brings together and outlines the gradual un- 
folding through successive geologic periods of 
the story of evolution. 

The author has evidently read widely and 
familiarized himself with the latest results of 
scientific research in the domain of paleontol- 
ogy. His statements as to the different geo- 
logie periods and the forms of life which 
characterized them are in accord with the 
most advanced teaching of the present. The 
style of the book is popular, so far as it is 
possible to make any subject popular which 
deals with words of Greek origin, which are 
only in current use among specialists and 
students. The paleontologist, who is forced 
to frame names for newly discovered forms of 
animal life which existed in a past more or 
less remote, is at a disadvantage when writing 
of these things when compared with the man 
who has to deal with recent forms of life, 
which are known all over the globe by vernac- 
ular names. A man who writes about ele- 
phants, tigers, bears, and wolves, who dis- 
courses of thrushes and nightingales, who 
speaks of crocodiles and sharks, or bugs and 
snails, is comprehended even by children; but 
the man who writes about trilobites, ichthyo- 
saurs, diplodocuses, dedicurus and pliopithe- 
cus is apt to be regarded with breathless 
amazement by the uninitiated. An amusing il- 
lustration of this occurred recently when the 
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present reviewer, standing in the museum of 
which he is the director, was engaged in a 
lively conversation with Col. Roosevelt about 
the evolution of mammalian life in North 
America. A seore of newspaper reporters sur- 
rounded the speakers, and one of them subse- 
quently published an account in which he 
said that a most astonishing conversation in 
language absolutely unintelligible to the 
listeners took place between the ex-president 
and the director of the museum. 

The publication of such works as that 
which has appeared from the pen of Mr. Knipe 
will tend in the future to make the subject 
more intelligible to the ordinary reader and 
the association of the names of things with 
splendid illustrations of them must familiar- 
ize the public with the whole subject. 

Too much praise can not be bestowed upon 
the fine plates which adorn the volume. They 
are the product of the facile pencil of Miss 
Alice B. Woodward, the talented daughter of 
Dr. Henry Woodward, the late curator of 
geology and paleontology in the British Mu- 
seum, and Mr. Ernest Bucknall. <A few of 
these originally appeared in the author’s first 
volume, but the great majority are new. 


W. J. Hottanp 


NOTES ON METEOROLOGY AND 
CLIMATOLOGY 


A RAINLESS APRIL IN ENGLAND 

Aprit last was the driest month on record 
over a large part of England. In London but 
0.04 inch of rain fell, making this month the 
driest of that name in about a century and a 
half, which is the length of the record. In 
the last half-century only one month, Feb- 
ruary, 1891, had less precipitation. At 
another station, Bromley, where a record has 
been kept since 1869, April, 1912, was the 
first month in which no precipitation was re- 
corded. 


THE RECORDING OF EARTHQUAKES 
Tr is particularly unfortunate that congress 
did not see fit to make an appropriation for 
the inauguration of seismological work under 
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the auspices of the U. S. Weather Bureau. 
Two seismographs have been in operation at 
the central office in Washington for a num- 
ber of years, but no work of this character 
has been done at any of the other stations, 
notwithstanding the general call from a num- 
ber of sources that the weather bureau en- 
gage in this important work. While not 
strictly meteorological in character this work 
is carried on by the weather services of most 
countries, principally because in each country 
it is the one government scientific bureau hav- 
ing permanent stations at scattered points, 
with a trained body of observers to conduct 
the work. In the United States good work 
has been done by various educational institu- 
tions, particularly those of the Jesuit order. 
However, it has been the experience of other 
countries that seismological observations can 
be obtained to greatest advantage by a gov- 
ernment bureau through the use of standard 
instruments, permanently established and 
having similar environments. In the United 
States the weather bureau seems best equipped 
for such work. 


THE ATMOSPHERE AT GREAT HEIGHTS 


Luminous phenomena like meteor trains 
and auroras at heights of 200 kilometers 
(124 miles) or more have long proved the ex- 
istence of some atmosphere, however tenuous, 
even at these great heights. According to 
Professor W. J. Humphreys, the atmosphere 
at a height of 150 kilometers (93 miles) con- 
sists of 99.73 per cent. (by volume) of hydro- 
gen and 0.27 per cent. of helium, with a total 
pressure of 0.0043 in millimeters of mercury. 
As a result of recent investigations, Dr, A. 
Wegener concludes’ that there is an atmos- 
phere of perceptible density even up to 500 
kilometers (311 miles) and that in the high- 
est strata there must be an unknown gas in 
addition to and lighter than hydrogen. He 
suggests that this gas be called “ geocoro- 
nium” because of its similarity to “ coro- 
nium” which is supposed to exist in the at- 
mosphere of the sun. 


1 Himmel und Erde, July, 1912. 
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FREE AIR DATA IN FORECASTING 


Wuewn the exploration of the upper air by 
means of kites and balloons was first at- 
tempted about fifteen years ago, many meteor- 
ologists with more enthusiasm than judgment 
stated that forecasting would soon be simpli- 
fied because of the upper air data thus de- 
rived, and that the weather of a week or a 
month ahead would be foretold with as great 
certainty as that for the next 36 hours was 
then predicted. However, the application of 
the knowledge gained from soundings in the 
free air has not been a simple matter. In fact 
the problem has been a very complex one, and 
thus far investigations in aerology have been 
mainly along the lines of pure science. The 
normal condition of the free air is just now 
beginning to be understood, and as yet, ab- 
normal conditions and their relation to sub- 
sequent weather changes at the ground have 
not been thoroughly investigated. Various 
changes aloft, particularly those relating to 
wind velocity and direction, frequently be- 
come apparent at the ground six to eight 
hours later. If this is generally true, weather 
data from aloft will never be particularly 
serviceable to the forecaster because of the 
short time interval involved. At Mount 
Weather Observatory, one of the best 
equipped aerological stations in the world, at- 
tempts have been made, with fair success, to 
use the data from aloft in connection with the 
Washington forecasts. Moreover, after the 
weather maps have been drawn the free air 
eonditions preceding and accompanying the 
weather at the ground have been studied with 
a view of determining the forecasting value 
of the data from aloft. That the hopes ex- 
pressed fifteen years ago have not yet been 
realized may be seen from the following state- 
ment of Professor A. J. Henry,’ Executive 
Officer of the Observatory: 


While a large number of barometric depressions 
passed over Mount Weather during the month 
(March), a careful study of the upper air data on 
the day previous to the advent of each depression 
does not show, as yet, that decided changes are in 


* Monthly Weather Review, March, 1912, p. 473. 
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progress whereby the course or the intensity of 
the depression might be inferred. 


PERIODICITY IN PRESSURE VARIATIONS 


WELL-MARKED periods of three and one half 
years have been observed in the pressure varia- 
tions at Port Darwin, in the northern part of 
Australia. From a study of the mean monthly 
values for 1878 to 1911, Dr. C. Braak’ finds 
that similar changes also occur in India and 
throughout the Malay Archipelago, and as- 
sociated with them are variations of tempera- 
ture with maxima half-way between the 
maxima of pressure. It has generally been 
supposed that solar changes account for the 
temperature variations, which in turn produce 
variations in pressure. However, when the 
temperatures and pressures are plotted it ap- 
pears that a pressure wave resembles the tem- 
perature wave which follows it rather than the 
one which precedes it, indicating that the 
changes in pressure cause the changes in tem- 
perature, and not conversely. Dr. Braak 
describes the process somewhat as follows: 
Through some cause pressure becomes high 
over the region. The wind thereupon becomes 
feebler and the air takes less part in the gen- 
eral circulation than usual. Diminished air 
circulation means diminished oceanic circula- 
tion; consequently air and water become rela- 
tively stagnant, and are hence subject to the 
continued action of the tropical sun, which 
gradually increases the temperature, and 
finally produces a maximum in the tempera- 
ture curve. The increase goes on until the 
effect of the high temperature on the pres- 
sure is to diminish it and eventually to re- 
place it with a generally low pressure. Condi- 
tions are now reversed, for low pressure means 
increased wind velocity, and a considerable 
interchange of air and water between equa- 
torial and temperate regions, resulting in 4 
lowering of temperature in the equatorial re- 
gion. Ultimately this temperature change 
increases the pressure, until high pressure is 
once more restored and the cycle begins again. 
The pressure and temperature changes are 

* Meteorologische Zeitschrift, Vol. 29, pp. 1-7- 
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thus ascribed to terrestrial] and not to solar 
influence. 


THE NEED OF A METEOROLOGICAL LABORATORY 


Proressor CLEVELAND ABBE, who in January 
last was awarded the Symons Gold Medal by 
the Royal Meteorological Society for his con- 
tributions “to instrumental, statistical, dy- 
namical and thermodynamical meteorology 
and forecasting,” has communicated an in- 
teresting paper to the Franklin Institute, 
Philadelphia, on “ The Obstacles to the Prog- 
ress of Meteorology.” In it he says that even 
if we had perfect observations and records for 
ages past, with free air data up to heights of 
ten or fifteen miles, together with. daily 
weather maps for the whole northern hemis- 
phere, perfect weather predictions could not 
now be made because of “our ignorance of 
many details as to the laws that govern the 
atmosphere and our inability to put even 
what little knowledge we have into such a 
form that it can be perfectly utilized by the 
forecaster.” He shows that in every branch 
of science progress has been accomplished 
mainly through laboratory observation and 
experiment, guided by the spirit of mathe- 
matics. He therefore says in concluding: 


What I most long to see, and what I believe is 
of fundamental importance in atmospherics—the 
want of which is a real obstacle—is the existence 
of a laboratory building specifically adapted to 
atmospheric experiments, and the association there- 
with of able students trained in mathematics, 
physies and mechanics. When all this is realized 
the intellectual work that will there be done will 
gradually remove all obstacles to the eventual per- 
fection of our knowledge of the atmosphere. 


NEW BOOKS 


Amone the books which have recently ap- 
peared are: (1) “Climate and Weather,” by 
H. N. Dickson. London, Williams and Nor- 
gate, 8vo, 256 pp., 1s. net. (2) “Instructions 
Météorologiques,” by Alfred Angot. 5th 
edition. Paris, Gauthier-Villars, 8vo, 161 pp. 
(3) “International Catalogue of Scientific 
Literature ”»—“ Meteorology, including Ter- 
restrial Magnetism.” London, Harrison and 
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Sons, 8vo, 238 pp., 15s. (4) “Atlas Pho- 
tographique des Nauges,” by J. Loisel. 8 pp. 
+ 10 pl., Paris, G. Thomas, 18 fr. (5) “ The 
Structure of the Atmosphere in Clear 
Weather: a Study of Soundings with Pilot 
Balloons,” by C. J. P. Cave. 4vo, 144 pp., 
Cambridge University Press, 10s. 6d. net. 
(6) “ Meteorological Instruments and Weather 
Forecasts,” by H. T. Davidge. London, P. 
Marshall and Co., 6d. net. (7) “ Barometers 
and the Measurement of Atmospheric Pres- 
sure,” by C. F. Marvin. 4th edition, 8vo, 
110 pp., Washington, U. S. Weather Bureau, 
Instrument Division, Circular F. (8) “ Evap- 
oration from Irrigated Soils,” by S. Fortier 
and 8S. H. Beckett, 8vo, 77 pp.. Washington, 
U. S. Office of Experiment Stations, Bulletin 
248. 
Anprew H. PALMER 
BLUE HILL OBSERVATORY 


SPECIAL ARTICLES 


THE PHYSIOLOGICAL SIGNIFICANCE OF THE SEG- 
MENTED STRUCTURE OF THE STRIATED 
MUSCLE FIBER 

THE question of the physiological signifi- 
cance of the segmented structure of striated 
muscle fibers remains for most physiologists 
one of the standing enigmas of their science. 
What relation—if any—has this structure to 
the power of rapid and instantly reversible 
contraction which is the distinctive peculiarity 
of this tissue? No entirely satisfactory an- 
swer to this question has hitherto been found; 
those which have been proposed are as diverse 
as their authors’ conceptions of the ultimate 
of the difficulty lies here. The histological 
literature is full of contradictions and hence 
—since all can not be right—of misinterpreta- 
tions. Before agreement can be reached on 
the physiological question, it is evident that a 
clear and satisfactory conception of the essen- 
tial structure of the living muscle-cell is 
necessary. Many of the structural minutize 
visible in histological preparations vary ac- 
cording to the nature of the treatment ac- 
corded the tissue. Their physiological signifi- 
cance is thus doubtful. During recent years 
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a certain change in the procedure of inves- 
tigators has become apparent. Experience of 
the readiness with which the structure or “ ag- 
gregation-state” of a colloidal system may be 
altered has made it clear that such structures 
are not always to be regarded as preexistent in 
the living tissue. They are rather to be re- 
garded as appearances from which, on the 
basis of an adequate knowledge of the be- 
havior of colloidal systems under similar treat- 
ment, inferences may be drawn as to the 
original disposition and state of the colloidal 
material in the living system. Inferences so 
drawn require to be controlled by an exact 
knowledge of the structural appearances in 
living muscle during both rest and contrac- 
tion. Hence recent investigators—as Hiirthle 
and Meigs—have relied mainly on direct and 
photographic observation of living muscle 
fibers. But even results so gained show con- 
siderable disagreement in detail, and unfor- 
tunately they have proved compatible with 
diametrically opposed conceptions of the es- 
sential nature of the contractile process. 
Certain definite conclusions have, however, 
been reached. It is agreed that the contractile 
elements are solid fibrils—consisting sup- 
posedly of water-swollen myosin—which are 
embedded in a more fluid sarcoplasm; the 
fibrils are not optically homogeneous, but ex- 
hibit a regular alternation of longer segments 
consisting of more refractive and largely 
doubly refractive (anisotropic) material, with 
shorter less refractive segments showing little 
or no double refraction (isotropic). In the 
voluntary muscle-cell of vertebrates the fibrils 
are crowded together closely, and in such a 
manner that the adjacent anisotropic and iso- 
tropic segments of different fibrils lie at the 
same level; this level is perpendicular to the 
long axis of the muscle cell, hence the latter, 
as a whole, shows the characteristic cross- 
striation. It is this peculiarity of parallelism 
in the disposition of the fibrillar segments 
which Hiirthle characterizes as “schwer ver- 
stiindlich.” It plainly suggests that the fibrils 
are laterally conjoined in a definite manner 
so as to form a system coherent throughout 
the cell. Conceptions differ, however, as to the 
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ultimate structure of the individual fibrils, 
and particularly as to the nature of the con- 
ditions producing the segmented appearance, 

I shall not attempt in this place to dis- 
criminate minutely between conflicting views 
regarding structure; my aim is merely to 
show that a segmented structure is in itself— 
and largely irrespective of the precise nature 
of the structural conditions that determine 
the segmentation—a condition favorable to 
rapid and quickly reversible changes of form. 
The questions to be discussed are thus: What 
mechanical advantage does a rapidly contrac- 
tile colloidal system like muscle derive (1) 
from having its fibrils regularly and minutely 
segmented, and (2) from having the corre- 
sponding segments of adjacent fibrils at the 
same level? 

Considered from a physico-chemical point 
of view, the individual muscle-fibril forms a 
colloidal system in which regions showing a 
well-marked contrast in optical and apparently 
also in chemical properties (evidence from 
staining) alternate regularly with one 
another. It is, however, doubtful if the alter- 
nate segments differ in their essential chem- 
ical constitution; the evidence seems rather to 
indicate that the same colloidal material forms 
the solid substratum of the fibril throughout 
its entire length, but that this material dif- 
fers in its state of aggregation in alternate 
segments. The colloidal particles must be re- 
garded as forming a coherent system through- 
out the entire fibril, as in a gel; otherwise the 
fibril would have no tensile strength. Be- 
tween the coherent particles of any gel are 
interstitial fluid-containing spaces. If the 
fibril is essentially a gel, as thus assumed, 
with myosin as the chief colloid, its physical 


*The recent observations of Bachmann, made in 
Zsigmondy’s laboratory, on the ultramicroscopi¢ 
structure of gels, show that during gelation the 
motion of the submicrons changes from one of 4 
free translatory character to one in which the sub- 
microns undergo only slight vibratory movements 
about fixed positions of equilibrium. There is 
thus in gelation an aggregation of submicrons and 
amicrons to form a coherent system, with fluid- 
eontaining interspaces. Cf. Zeitschrift fiir anor- 
ganische Chemie, 1911, p. 125. 
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condition from segment to segment can vary 
only in the concentration and state of aggre- 
gation of its colloid material. There are indi- 
cations that the colloidal particles (probably 
submicrons) are more densely aggregated in 
the dim bands and less densely in the light; 
in this case the interstitial spaces must be 
smaller in the dim and larger in the light 
bands; 7. e., the proportion of displaceable 
fluid material is greater in the light bands, 
the latter, so to speak, having the looser tex- 
ture of the two. Such a conception explains 
many characteristic observations, such as the 
beaded form shown by fibrils under certain 
conditions; the greater compressibility of the 
isotropic segments (indicating a greater 
fluidity), as shown by the experiments of 
Haycraft, who obtained impressions of the 
segmented structure by pressing living fibers 
against collodion; the facts that the double 
refraction appears rather to diminish than en- 
tirely to disappear in the light bands, and 
that adsorbed coloring materials, such as 
hematoxylin, though taken up by the whole 
fibril, are extracted most readily from the 
isotropic segments, just as though the 
adsorbing surface were there relatively less. 
Hiirthle also compares the material com- 
posing the fibril to a gel; he regards this 
as chemically homogeneous throughout, but 
as differing in its physical condition in alter- 
nate segments. He adduces the analogy of 
the nodes in a stretched vibrating string, im- 
plying that the differences between the alter- 
nating segments are purely physical and in- 
dependent of differences in chemical compo- 
sition. Although it is doubtful that marked 
differences in the colloidal aggregation-state 
could exist between adjacent segments with- 
out at least some quantitative differences of 
chemical composition due to differences of 
adsorption, ete., yet the essential conception 
of the fibril as essentially homogeneous in its 
chemical composition is not altered by recog- 
nizing the existence of a segmented structure 
of the above conceived kind. 

On this view the fibril is to be regarded as 
a column of colloidal material having the es- 
sential properties of a gel—i. e., a system in 
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which the colloidal particles cohere; the par- 
ticles, however, are not homogeneously distrib- 
uted in this gel, but are relatively densely 
aggregated in the anisotropic segments and 
loosely in the isotropic; in the latter the inter- 
stitial fluid-containing spaces are therefore 
relatively larger. It should be noted that in 
all muscles the isotropic segments are shorter 
than the anisotropic; also that the best photo- 
graphic evidence indicates that the actual 
shortening is confined to the anisotropic re- 
gions of the fibril, 7. e., to the regions where 
the colloidal particles are the most closely 
aggregated. The significance of this will be 
apparent later. 

The considerations urged in the preceding 
paragraph relate to the individual fibril and 
do not explain the lateral coherence of the 
fibrils. It seems clear, from the fact that the 
striation is preserved during contraction, that 
transverse connections must exist between ad- 
jacent fibrils, otherwise the latter would cer- 
tainly undergo relative displacement more 
frequently than observation shows to be the 
ease. But the histological evidence of such 
cross connections is imperfect, although the 
view seems well founded that the appearances 
known as Hensen’s and Krause’s lines (M 
and Z lines) correspond to regions where ad- 
jacent fibrils are laterally conjoined. This 
view is supported by Heidenhain on the basis 
of numerous observations on fixed muscle of 
various kinds; and a continuity of the Z-lines 
from fibril to fibril, even when the latter are 
separated by some distance, is clearly ap- 
parent in some of Meigs’s photographs. Both 
of these appearances, especially the Z or inter- 
mediate line, have been interpreted as mem- 
branes subdividing the fibrils at segmental 
intervals; but they seem to lack the continu- 
ity which such a conception demands. A 
continuous membrane would show definite 
optical appearances due to reflection of light 
at its surface. The so-called J-lines, which 
suggest such reflection and hence support this 
conception, are variable and often unapparent. 
On the other hand, the existence of narrow 
eross-connections between adjacent fibrils 
would undoubtedly account for the observed 
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appearances. I am, therefore, inclined to favor 
this interpretation. According to this con- 
ception these structures are of no essential 
importance in contraction except in so far 
as they prevent relative displacement of ad- 
jacent fibrils. But such displacement, if per- 
mitted, would interfere with the contractile 
properties of the system, as I shall show 
later, so that the physiological réle thus as- 
signed to these structures may after all be in- 
dispensable. This view is however quite op- 
posed to any hypothesis—like that of Piitter 
—which regards the intermediate lines as cor- 
responding to membranes’ whose state of 
permeability determines the degree of osmotic 
distension of the muscle segments, and so the 
state of contraction. The evidence of their 
membrane character seems insufficient to 
serve as support for such a speculative view 
as this. On the other hand, the lateral coher- 
ence of the fibrils is an undoubted fact which 
must have a structural basis, and direct ob- 
servations exist which indicate that at least 
the Z lines—which appear to be the more 
constant of the two—do in fact cross the 
intervals between the fibrils. Structures thus 
continuous from fibril to fibril are most nat- 
urally interpreted as connectives. 

We may now consider the physiological 
problem as to the nature of the essential phys- 
ical changes which form the direct condition 
of the characteristic mechanical deformation 
of active muscle. The precise nature of the 
energy-yielding metabolic process need not 
concern us here. As well known, various more 
or less seriously conflicting hypotheses exist. 
There is considerable evidence of a displace- 
ment of fluid within the contractile elements 
during activity, and this fact has led to the de- 
velopment of theories which assign to this 
transfer of fluid the essential réle in the proc- 
essof contraction. Thus Engelmann and 
many others have referred the process to a 
water-absorption or swelling of certain struc- 
tural elements—just as gelatine sheets swell 
in water, and more rapidly when the water 
is warm or acidulated than when it is cold or 
neutral. The general structural conception 
put forward some time ago by McDougall, 
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and recently favored by Meigs and others, has 
been that of a tissue composed of elements 
comparable to somewhat elongated or spindle- 
shaped fluid-containing sacs with inexten- 
sible walls; these elements on distension ap- 
proach a spherical form, with consequent ap- 
proximation of their opposite ends. A cer- 
tain degree of shortening (about 37 per cent.) 
may thus theoretically be accounted for. 
That the actual shortening often greatly ex- 
ceeds this proportion is unfavorable to such 
hypotheses, though perhaps not necessarily 
incompatible with them. The structural con- 
ditions might conceivably be such that the 
swelling elements at their maximal normal 
distension adopt a form in which the ratio 
of transverse to longitudinal diameters—as- 
suming these to correspond with those of the 
muscle-cell—is increased sufficiently to ac- 
count for a much greater degree of shorten- 
ing than the above. All that would be neces- 
sary to render such a hypothesis adequate 
in this respect would be to assign a certain 
definite structure and form to the elements. 
Take for instance the case of a tissue com- 
posed of structural units resembling the ex- 
tended elaters of the spores of Hquisetum; as 
is well known, these structures when slightly 
moistened wind themselves closely around the 
spore; the total diameter of the system, spore 
plus elaters, may thus be reduced to a small 
fraction of the original diameter as meas- 
ured between the tips of the extended elaters. 
One might conceive of muscle as composed of 
elements similar in contractile properties to 
elaters, united in a definite manner to form 
a contractile system; and it would no doubt 
be possible, by exercising some ingenuity, to 
reconcile such a conception with the main 
histological appearances. Hypotheses that 
refer the contraction to swelling of the con- 
tractile elements are thus not to be dismissed 
by advocates of other views as inadmissible 
on the ground of purely geometrical considera- 
tions. The objections to this type of explana- 
tion are of quite another nature; and since 
they are in my opinion sufficiently weighty 
to render it extremely doubtful that this kind 
of physical charge could ever form the basis 
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of a movement so rapid, responsive and 
quickly reversible as muscular contraction, I 
shall briefly recapitulate what I consider to 
be the chief inadequacies of such hypotheses. 

(1) The time required for a contraction 
and relaxation due to swelling-changes in the 
colloidal contractile elements—involving both 
the incorporation of water into the colloid 
and its release—seems to be too great. Pauli, 
indeed, once estimated that if the elements 
have the swelling properties of gelatine discs, 
and the same surface-volume ratio as the 
muscle-segments, the rate of swelling might 
be sufficient to account for a contraction as 
rapid as that of frogs’ muscle. But the single 
twitch may be many times shorter than this, 
as in insects’ wing-muscle, where moreover 
the muscle-segments are larger than in verte- 
brate muscle. It is of course possible to reply 
to this objection that the actual elements con- 
cerned may be much smaller than the visible 
muscle-segments. Still, in any case, since the 
single-twitch curve of striated muscle is 
symmetrical, the rate of the water-absorption 
would have to correspond in its time-rela- 
tions with that of the water-loss. These 
curves, however, have been shown to follow 
different courses in those cases which have 
been actually investigated (by van Bem- 
melen). (2) A more serious difficulty is that 
the temperature-coefficient of the mechanical 
energy of contraction, according to Bern- 
stein’s investigations, is negative; 7. e., within 
a normal range—up to 30°—the lifting power 
of the twitch is increased, with a given inten- 
sity of stimulus, by lowering the temperature. 
The temperature-coefficient of swelling proc- 
esses is however positive and large, like that 
of chemical reactions; that of surface ten- 
sion, on the contrary, is negative. Bernstein’s 
experiments must be regarded as very signifi- 
cant, since the temperature-coefficients of the 
chemical changes concerned in contraction 
are of course positive; the above result would 
seem therefore quite unaccountable if a chem- 
ical change, like the production of acid, pre- 
ceded and formed the condition of the contrac- 
tile change. These experiments thus appear 
to indicate, first, that the process immediately 
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conditioning the contraction is only indi- 
rectly dependent on a chemical change,’ and, 
second, since this process has a negative tem- 
perature-coefficient (a distinctive peculiarity 
of surface-tension), that a change of surface- 
tension in the ultimate contractile elements is 
the direct source of the energy of contraction. 
(3) A further disadvantage of the “ swelling- 
hypotheses ”—as contrasted with the surface- 
tension hypothesis—is that they offer no sug- 
gestion as to the nature of the connection 
between the electrical variation accompany- 
ing contraction and the actual contractile 
process. In electrical stimulation a change in 
the electrical polarization of the plasma-mem- 
brane is almost certainly the essential or 
critical event. If the membrane enclosing a 
colloidal system, such as a muscle-cell, changes 
its polarization, a corresponding change of 
polarization must occur at all of the electric- 
ally polarized surfaces within the system thus 
enclosed,’ including presumably the surfaces 
of the colloidal particles composing the con- 
tractile elements. Changes of electrical polar- 
ization at surfaces are definitely known to 
alter the surface-tension. On the other 
hand, the relation assumed to exist between 
the polarization-change of stimulation and 
the swelling of the colloidal elements, accord- 
ing to the hypothesis under consideration, 
must be exceedingly indirect. A chemical 
change must first be assumed to occur, pro- 
ducing substances, supposedly acid, which in- 
crease the swelling properties of the colloid. 
There is nothing unreasonable in this view, 
but it fails to suggest any explanation of the 
close parallelism which exists between the 
electrical and the contractile processes in ac- 
tive muscle. The interdependence between 
the two is undoubtedly intimate, and is read- 
ily intelligible on the hypothesis just outlined 

* Resembling in this respect the plant-movements 
due to changes in the permeability of the plasma- 
membranes of turgid cells (in Mimosa, Dionea, 


ete.). 

* Since the electrical potential of the whole cell- 
interior changes, and with it one of the factors in 
the conditions of equilibrium of the electrical 
double layers at the polarized surfaces within the 


cell. 
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that alterations of the surface-tension of the 
contractile elements, conditioned by varia- 
tions in their electrical surface-polarization, 
form the immediate condition of contraction. 
Any hypothesis which fails to explain this 
interconnection must be regarded as seriously 
deficient. 

I shall now discuss more fully what is 
usually regarded as the alternative hypothesis, 
namely, that the contractile energy is due to 
changes in the surface-tension of certain 
muscle-elements. In contraction the surface- 
tension of these elements is supposedly in- 
creased. If this increase of tension is suffi- 
ciently great, and the area of the active 
surface sufficiently large, the transformable 
surface-energy, which is measured by the 
product of these two factors, may be sufficient 
to account for the work done by muscle in 
contraction. The main question is whether 
the evidence justifies us in assuming the ex- 
istence of such conditions in the living mus- 
cle-cell. Now the possible range of alteration 
in the surface-tension of the colloidal con- 
tractile elements under the influence of 
changing electrical polarization is undoubt- 
edly small—almost certainly less than ten 
dynes per linear centimeter—so that in order 
to develop the force observed in contraction a 
very large active surface would be required. 
Bernstein has shown that any possible altera- 
tion of surface-tension at the surface of the 
muscle-fibrils is quite insufficient to account 
for the work done by contracting muscle; and 
he has therefore assumed that in its ultimate 
structure the fibril is built up out of smaller 
ellipsoid contractile elements, by the altera- 
tion of whose surface-tension the contraction 
of the whole fibril is produced. By ascribing 
sufficiently small dimensions to these elements 
it is possible hypothetically to enlarge the 
surface to the required degree. But is such 
an assumption reconcilable with our present 
knowledge of muscle structure? In Hiirthle’s 
photographs the fibril-segments show a sub- 
division into narrower rodlet-like structures 
(“Stibchen”) which he regards as the ultimate 
contractile elements. The united surface- 
area even of these elements is also far from 
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sufficient to meet the requirements. There are 
thus no microscopically demonstrable structures 
corresponding to Bernstein’s hypothetical ellip- 
soids. It is necessary, if the hypothesis is not 
to be abandoned, to inquire if still smaller ele- 
ments may not exist by the alteration of 
whose surface-tension the requisite mechan- 
ical energy may be produced. There is, as I 
have pointed out elsewhere, good reason to re- 
gard the ultimate colloidal particles of the 
fibrils as corresponding to such elements. 
By their union to form larger particles, as in 
the general process of colloid-coagulation, 
sufficient mechanical energy to account for 
contraction might conceivably be freed, since 
the reduction of surface-area in such a process 
may be very great, implying a correspond- 
ingly large transformation of surface-energy. 
It is known that in the precipitation of col- 
loids by electrolytes a fundamental condition 
of the effect is a lessening of the contact-po- 
tential of the particles against the medium; 
the isoelectric point, where the contact-poten- 
tial is zero, is typically the point of maximum 
instability, 7. e., the tendency to fusion of the 
particles is then greatest; apparently their 
surface-energy, then no longer compensated 
by the electrical energy of the charged sur- 
faces, draws the particles together until a 
new condition of equilibrium with lessened 
surface is reached. Increased surface-tension 
resulting from decrease or disappearance of 
the surface-charges is in fact now regarded 
as one of the chief conditions determining the 
union of the colloidal particles to form larger 
complexes. This union, if it proceeds suffi- 
ciently far, leads to the coagulation or pre- 
cipitation of the colloid. 

Now if in a contractile tissue the mechan- 
ical energy appearing in contraction is the ex- 
pression of a temporary coalescence of the col- 
loidal particles of the fibrils, due to their in- 
creased surface-tension, any condition further- 
ing contraction ought, if not rapidly reversed, 
to lead to further fusion of particles and 
eventually to visible coagulation. Various 
facts of comparative physiology show that 
during conditions of extreme contraction the 
colloids of contractile tissues do frequently 
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undergo a more or less evident coagulation. 
The most striking instance known to me is that 
of the swimming plates of ctenophores; these 
structures, when immersed in pure isotonic 
solutions of sodium salts, exhibit for a short 
time an abnormally accelerated contractile 
rhythm accompanied by a progressive coagu- 
lation of the normally transparent contractile 
substance; this coagulation is the more rapid 
and complete the more energetic the con- 
tractile movements. Piitter in his recently 
published “ Vergleichende Physiologie” cites 
(p. 456) a number of instances where con- 
traction of muscle is accompanied by a visible 
coagulation of the muscle-substance. In 
vertebrate muscle the coalescence of colloidal 
particles—assuming it to take place—does not 
normally lead to visible coagulation during 
contraction. But it is characteristic of this 
tissue that the contraction is instantly and 
automatically reversed unless a rapid and 
rhythmical process of stimulation is con- 
tinued. This peculiarity, which is perhaps 
the most remarkable property of this tissue, 
is favorable to, or at least quite consistent 
with, the view that a temporary coalescence of 
the colloidal particles occurs at each stimula- 
tion—due to a depolarization of the sur- 
face of the particles, simultaneously with 
a depolarization of the plasma-membrane 
of the entire cell—and that this coal- 
escence is instantly reversed by the automatic 
return of the membrane to its normal polar- 
ized condition. If, however, the plasma mem- 
brane becomes permanently depolarized, as in 
consequence of any marked and permanent 
increase in ionic permeability (such as occurs 
during cytolysis), the coalescence of colloidal 
particles becomes permanent, and a visible 
coagulation, typically accompaned by a 
permanent shortening or “contracture,” fol- 
lows. Such an effect is produced if a frog’s 
muscle is immersed in physiological salt solu- 
tion containing saponin or other cytolytic 
substance. If the muscle is first sensitized by 
exposure for a few minutes to a pure isotonic 
solution of a sodium salt, such as iodide, the 
cytolytic action of the saponin is accelerated; 
the contraction is thus rendered quicker and 
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more energetic and the degree of coagulation 
is greater; i. ¢., the energy of the contraction 
shows a distinct parallelism with the energy 
of the coagulative process in the muscle-sub- 
stance. It might be maintained that the 
coagulative change is merely a secondary con- 
sequence of the cytolysis, and has no direct 
connection with the contraction, but when these 
facts are taken in conjunction with the others 
cited in this paragraph the indications seem 
strong that the ultimate process causing con- 
traction is essentially the same as that which 
—if carried far enough—leads to coagulation 
of the colloids. As already pointed out, the 
latter process is due to fusion of colloidal par- 
ticles to form larger aggregates; what causes 
the union appears to be heightened surface-ten- 
sion resulting from diminished electrical 
surface-polarization; the increased tension 
then draws the particles together and thus 
performs a certain mechanical work. Simi- 
larly in the contractile tissue; within each 
fibril the colloidal particles or submicrons— 
which presumably are already in contact or 
cohere since the whole fibril forms a solid gel- 
like system—draw together more closely dur- 
ing contraction in consequence of a sudden 
increase in their surface-tension. This coales- 
cence occurs only within each fibril, not be- 
tween adjacent fibrils, hence the motion of 
displacement of the particles is virtually lim- 
ited to the direction of the long axis and in 
consequence the whole fibril shortens. As the 
coalescence of the particles proceeds the active 
surface-area steadily decreases, and with it 
the contractile force; hence this force is great- 
est at the beginning of contraction and di- 
minishes as the muscle shortens. 

We assume therefore that in contraction the 
colloidal particles, especially those of the 
anisotropic segments, draw together or coal- 
esce. There is, in other words, a clumping or 
flocking of the particles, which is most rapid 
and energetic in those regions where the par- 
ticles are most numerous and closest together. 
In so doing they displace the more fluid inter- 
stitial substance. This incidental displace- 
ment of fluid is as necessary an accompani- 
ment of the act of contraction as the coa.es- 
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cence of the particles, and if the contraction 
is to be rapid and quickly reversible the move- 
ment of the fluid must be equally so. It is 
this consideration, in my belief, which ex- 
plains the advantage of the segmented struc- 
ture. The fluid displaced from each aniso- 
tropic segment during coalescence of its par- 
ticles gathers in the adjacent isotropic seg- 
ments. These appear therefore to increase in 
volume during contraction (Hiirthle), but the 
apparent transfer of fluid between these re- 
gions is merely the visible expression of its 
displacement from the anisotropic segments 
by the coalescing particles within the latter. 
Evidently the quickness and readiness with 
which the transfer of fluid oceurs will in- 
crease with the area of the surface separating 
the two regions. The disposition of the con- 
tractile material of the fibril in numerous 
small denser segments separated by narrower 
segments of looser texture (7. e., with wider 
interstitial spaces) allows for the rapid dis- 
placement of the fluid by the colloidal par- 
ticles as they coalesce; in other words, mini- 
mizes the resistance to such coalescence, and is 
hence a necessary condition for any rapid 
movement. In the reverse process of relaxa- 
tion the original relative distribution of the 
solid and the fluid portions of the system is 
regained with equal readiness. 

Conditions in a colloidal system of this 
segmented structure are thus highly favorable 
to rapid and promptly reversible contractile 
movements due to a massing or flocking of 
colloidal particles. The striated muscle-cell 
as a whole need lose no water in contrac- 
tion; there is merely a temporary redistribu- 
tion of the more fluid portion of the tissue 
within the cells. The case of the vertebrate 
smooth muscle fiber is different, and there is 
good evidence that in this tissue fluid does 
actually leave the cell during contraction. 
The characteristic slowness of both contrac- 
tion and relaxation in smooth muscle may con- 
eeivably be explained on the supposition that 
the fluid displaced by the contraction of the 
intracellular fibrillar system can collect only 
in the relatively large intercellular spaces, i. e., 
must pass across the plasma membrane, in- 
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stead of collecting in numerous minute intra- 
cellular spaces as in striated muscle. The 
transfer of fluid is thus necessarily gradual, 
and the contraction and relaxation are cor- 
respondingly slow. 

The massing of the colloidal particles in the 
anisotropic segments results in a shortening 
and thickening of these segments and hence 
of the whole tissue. The advantage of having 
all the segments of the different fibrils within 
the same cell equal in size and situated at 
the same level becomes evident on further 
consideration. In a system of closely crowded 
contractile fibrils the mechanical processes in 
contiguous fibrils would clearly interfere with 
one another were this not the case. The over- 
flow of the displaced fluid into the isotropic 
segments in any fibril would be impeded, and 
the coalescence of the colloidal particles thus 
checked or prevented, if during contraction 
the isotropic segments were in close contact 
with the anisotropic segments of other fibrils; 
as the latter thickened they would compress 
the isotropic segments of the fibril under con- 
sideration, and prevent the passage of fluid 
into these latter. Prevention of the displace- 
ment of fluid would however retard or prevent 
the coalescence of the particles, and hence the 
whole dependent contraction. Such interfer- 
ence between adjacent fibrils would obviously 
be minimal with a parallel disposition of fib- 
rils, such as we actually find in the tissue. 
This arrangement is thus mechanically the 
most advantageous conceivable for a tissue 
whose effective action depends on the simul- 
taneous contraction of a large number of 
closely crowded fibrils of the above conceived 
structure. 

We conclude therefore that the physiological 
advantage of both the segmented structure 
and the parallel arrangement of the fibrils 
consists in the provision thus made for a rapid 
to-and-fro displacement of the fluid part of 
the fibrils during contractile activity. This 
displacement of fluid is, however, to be re- 
garded as merely incidental to the contrac- 
tion, and not as its immediate cause; and in 
this respect the theory supported above differs 
fundamentally from those according to which 
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the transfer of fluid is in itself the essential 
or “ inogenetic ” part of the process. It is of 
course obvious that any theory which (e. g.) 
regards contraction as due to a swelling of the 
isotropic segments by fluid absorbed from the 
anisotropic—as dises of gelatin or fibrin swell 
in acidulated water—must require that the 
interchange of fluid should be rapid and 
promptly reversible; hence that part of the 
present interpretation which regards the struc- 
ture of striated muscle as essentially a means 
for facilitating transfer of fluid within the 
cell is equally consistent with this latter 
theory. Nevertheless the point of view that 
regards absorption of water by an acidulated 
sheet of gelatin as the analogue of what occurs 
in muscular contraction is radically different 
from that set forth in this paper, according 
to which the energy of contraction is the 
transformed surface-energy of the ultimate 
structural elements or colloidal particles (sub- 
microns) composing the fibrils. There is un- 
doubtedly a movement of fluid between the 
muscle-segments during contraction; but this 
fact in itself is consistent with either of the 
two theories just contrasted. The decision 
between the two must be made on the basis 
of other evidence. 
Ratpu 
MARINE BIOLOGICAL LABORATORY, 
Woops HO Lg, 
June 7, 1912 


FERTILIZATION OF THE EGGS OF VARIOUS INVERTE- 
BRATES BY OX-SERUM 


I 


Tue chemical method of artificial partheno- 
genesis has thus far been worked out with any 
degree of completeness, only for the Cali- 
fornian sea urchin, Strongylocentrotus pur- 
puratus. In this form it was shown by Loeb 
that the process of fertilization is composed of 
two entirely different phases. The one is an 
alteration or destruction of the surface layer 
of the egg. This alteration of the cortical 
layer may or may not result in the formation 
of a fertilization membrane. The alteration 
of the surface can be brought about by a 
great many different means, all of which have 
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a cytolytic effect. The superficial cytolysis 
starts the development of the egg but leaves 
the latter with a tendency to perish during the 
further development. The sickly condition is 
remedied by a second treatment of the egg, 
which may consist in putting the eggs for 
about from 30 to 50 minutes into hypertonic 
sea water of a certain concentration. If taken 
out of this solution, the egg develops prac- 
tically normally. 

Experiments on heterogeneous hybridization 
which Loeb earried out, furnished the evidence 
that the spermatozoon also causes the develop- 
ment of the egg by carrying two agencies into 
it, one of which is a cytolytic substance, a 
lysin, which causes the membrane formation. 

Lysins are contained not only in the 
spermatozoon but in all the cells and in the 
blood of any animal. Loeb found five years 
ago that the blood of a worm, Dendrostoma, 
calls forth membrane formation in the unfer- 
tilizing egg of the sea-urchin. This blood re- 
tained its fertilizing power when diluted as 
much as several hundred times with sea water. 

The same author found subsequently that 
the blood and tissue extract of many animals 
had the same effect, e. g., the blood of cattle. 
The fact that the blood of each female does 
not cause the parthenogenetic development of 
its own eggs, Loeb explained by the theory, 
that while the lysins contained in the blood of 
foreign species can diffuse with comparative 
ease into the egg and the cells of an animal, 
the lysins contained in its own blood are pre- 
vented from such a diffusion. 

It was found impossible to cause the de- 
velopment of the eggs of all female sea- 
urchins by means of foreign blood. This diffi- 
culty was overcome by treating the eggs with 
strontium chloride before they were exposed 
to the foreign serum. If the sea-urchin eggs 
were put for a short time into a 8 or i M so- 
lution of strontium chloride, a subsequent 
treatment with ox blood caused them all to 
form fertilization membranes. When subse- 
quently treated for a-short time with hyper- 
tonic sea water, most of the eggs developed 
into normal plutei. 
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While in this way the mechanism of fertili- 
zation was cleared up to a large extent for the 
sea-urchin egg, very little had been accom- 
plished with the eggs of other invertebrates. 
The eggs of a great many forms had been 
caused to develop by artificial means but the 
development was often very abnormal. 

Artificial parthenogenesis was caused in the 
eggs of molluses by Kostanecki as well as by 
Loeb, but the development was abnormal in as 
much as it resulted in the production of 
larve without previous segmentation. In 
the egg of Cumingia, another mollusc, efforts 
to produce artificial parthenogenesis had 
failed entirely. In annelids the results were 
not very satisfactory either. In Chetopterus, 
e. g., Loeb produced parthenogenetic larve, 
but they developed without segmentation as 
he first observed and as was later ascertained 
beyond doubt by F. Lillie. 

If the lysin theory of fertilization was cor- 
rect, it was necessary to find out whether arti- 
ficial parthenogenesis with an approximately 
normal type of development can be caused in 
the eggs of all animals by foreign blood. Ex- 
periments which we have carried on this year 
seem to indicate that this can be done to a 
large extent. 

Il 

We first ascertained that the eggs of Arbacia 
behave essentially like those of Strongylocen- 
trotus purpuratus. The eggs of Arbacia are 
sensitized by putting them for a short time 
into a 8 M solution of strontium chloride. 
They were then exposed for about 10 minutes 
to ox-serum which had been rendered isotonic 
with sea water through the addition of sodium 
chloride. The eggs were then transferred for 
20 minutes into hypertonic sea water. Such 
eggs developed normally into plutei. The only 
difference between the behavior of the eggs of 
Arbacia and Strongylocentrotus is that the 
eggs of Arbacia do not form a very distinct 
membrane. It is needless to say that the 
necessary controls were made and that we 
made sure that the treatment of the eggs with 
strontium choride or with strontium chloride 
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and subsequently with the hypertonic solution, 
did not lead to the formation of embryos, al- 
though occasionally a few segmentations 
could be brought about in this way. 

We next worked with the eggs of Cumingia 
which had been found to be refractory to the 
other methods of artificial parthenogenesis, 
We obtained an apparently perfectly normal 
segmentation of the eggs and the formation of 
larve, by treating them in the following way: 
The eggs were sensitized to the effects of 
serum by placing them for from 2 to 4 minutes 
into a 8 M solution of strontium chloride. 
They were then placed for five minutes into 
ox-serum rendered isotonic with sea water and 
diluted with an equal part of a M/2 solution 
of NaCl+CaCl,+ KCl. After having been 
freed from all traces of serum by repeated 
washing in a Ringer solution they were trans- 
ferred for 60 minutes into hypertonic sea water 
(50 e.c. sea water + 8 c.c. 24 M NaCl). Con- 
trol experiments showed that the treatment 
with serum is the essential factor in this 
process. 

We induced segmentation in the eggs 
of Chetopterus by putting them for from 
13 to 24 minutes into a mixture of 25 c.c. § M 
strontium chloride + 25 e.c. M/2 NaCl + 
CaCl, + KCl, then for ten minutes into ox- 
serum diluted with its own volume of the 
above mentioned solution and then by putting 
them for thirty minutes into hypertonic sea 
water. From fixed and stained preparations 
which Dr. Bancroft made for us, we made 
sure that the nuclear and cell division was 
real and not merely apparent. 

While the method needs to be perfected in 
some details, the experiments show that it is 
possible to induce, with the aid of foreign 
blood serum, parthenogenetic segmentation 
and development into larve, in eggs which had 
been found refractory to the other methods of 
artificial parthenogenesis, The lysin theory of 
fertilization is therefore more generally appli- 
cable. Jacques Loes, 

HarpoteH WASTENEYS 
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